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EXPERIMENTAL TUBERCULOSIS OF THE LIVER! 


_W. B. SOPER 
From the Saranac Laboratory for the Study of Tuberculosis, Saranac Lake, New York 


INTRODUCTION 


Despite the enormous amount of work done toward clearing the com- 
plex problem of partial immunity to tuberculosis, very little of definite 
practical value has been accomplished. Since Koch’s early discovery 
and its confirmation, that an active localized tuberculous focus confers 
a comparative immunity to further infection, this fact has been a foun- 
dation for much study, not only as regards its application to the im- 
munization of animals but also as regards its application to the problem 
of immunity in man. Clinically this fact is to-day fairly widely accepted 
as explanatory of relative racial and individual immunity to tubercu- 
losis. Experimentally, it is the basis of the efforts to discover an or- 
ganism or a substance which may serve as a substitute for the tuber- 
culous focus in the latter’s immunizing influence on the body. The 
problem has been approached from practically all the sides possible to 
our technique. In the continued lack of proved explanation of the 
phenomenon, the probability of our being able to reproduce the phe- 
nomenon in a manner at once effective and not dangerous is remote. 

During the past three years work has been going on in the Saranac 
Laboratory attacking the problem from the histological side. This 
angle of attack was chosen at the suggestion of Dr. A. K. Krause who 
believed that a study of the development of the artificially produced 
tubercle in the locally infected animal as compared with the develop- 
ment in the normal animal would throw new light on the complex prob- 
lem of immunity to tuberculosis. Certain studies made but not cor- 
related had already suggested a greater importance of the rdéle of 
inflammation. 

The protective character of the cellular inflammatory reaction in 
general has long been accepted, as has also its importance for tubercu- 


1 Read before the Pathological Section at the Thirteenth Annual Meeting of the National 
Association for the Study and Prevention of Tuberculosis, Cincinnati, Ohio, May 10, 1917. 
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losis. Its réle, however, in the production of the relative tuberculosis 
immunity has received little attention although more recently the 
lymphocyte has again been claiming much interest. To-day no small 
number of men accept as a proved fact that increase of blood lympho- 
cyte content means increased resistance to tuberculosis. But the rdle 
of the epithelioid cell beyond that of chief phagocyte (whether singly 
or as giant cell) remains to a considerable extent in the dark. 

Koch’s experiment is well known. He found that a given dose of 
living tubercle bacilli into the skin of an already tuberculous animal is 
met with a response conspicuously different from that with which it is 
met in the skin of a normal animal. The more immediate outward 
expression of this difference is found in the greater degree of local in- 
flammation on the part of the already infected animal. Broadly speak- 
ing, this inflammation determines the local skin immunity in that the 
new infection is terminated at the point of inoculation in contrast to its 
fate in the control animal which develops generalized tuberculosis. 
Although many have accepted this fundamental difference in reaction 
as existing generally in the body, there has‘been surprisingly little effort 
to prove the fact or to apply it to the study of the pathology or of the 
immunology of the disease. 

Nichols (1), in 1905, in the Saranac Laboratory, showed that the 
lungs of a previously locally infected rabbit reacted to the secondary 
virulent infection in a manner markedly different from that encoun- 
tered in the normal control. The difference expressed itself by the 
development of a relatively very acute and intense inflammatory reac- 
tion in the lungs of the previously infected rabbits, this inflammation 
apparently ushering in immunity factors which served to preserve or 
greatly prolong the rabbit’s life. . Manwaring and Bronfenbrenner (2) 
found a similar striking difference in the reaction to secondary infection 
of the peritoneum. Lately, there have been a few articles appearing 
in the French literature describing similar results, and Dr. Paterson will, 
at this meeting, describe equally striking differences in the secondary 


infection of the pleura. 


TECHNIQUE AND RESULTS OF VITAL STAINING 


This particular piece of work was done with the rabbit’s liver. This 
organ was chosen because its cellular structuré seemed to permit of a 
maximum differentiation of cells and because the time-tried method of 
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intramesenteric injection permits of a relatively exact dose of infecting 
material being delivered to the liver with a minimum of trauma. The 
rabbit was chosen as lending itself readily to the establishment of a 
localized immunizing infection with the human ‘type of bacillus, thus 
being rendered hypersensitive or relatively immune without suffering a 
general infection. 

For the preliminary or what we shall call the immunizing dose, the 
experimental animal received in the right groin 1 cc. of a fairly strong 
emulsion of human tubercle bacilli, our H37, an organism known to be 
nonvirulent for rabbits. As a result of this subcutaneous injection 
there usually developed a distinctly palpable lymph node, often going on 
to ulceration, in the region draining the site of injection. After four to 
six weeks, each of the experimental animals was tested as to hyper- 
sensitiveness to tuberculin by intradermic skin test with 0.1 cc. of a 
watery extract of tubercle bacilli diluted with an equal quantity of a 
normal saline solution. The skin reaction was always positive though 
frequently weak, as is apt to be the case in the rabbit. In the majority 
of pairs of animals, the control rabbit was also tested as to sensitiveness, 
always with negative result. 

Following the establishnient of the skin hypersensitiveness of the 
experimental animal, the latter was paired with a normal control rab- 
bit and the two animals inoculated at the same time with equal amounts 
of the same emulsion of bovine bacilli. This latter strain is one of 
known virulence for the rabbit, known in this laboratory as Bl. As 
regards the various pairs of animals, differing dosages were employed 
inasmuch as we were anxious that certain pairs should live longer than 
others. The further the work was carried, the more were we impresed 
with the folly of attempting to approximate the condition in thé human 
body when using such enormous doses as were often found to have 
been used in experimental work in tuberculosis. The protocol of each 
animal will show the dose employed, and any deductions drawn from 
employing it. 

As to the method of inoculation, the animals were always anaesthet- 
ized, a loop of small intestine exposed by laparotomy under all surgical 
precautions, the desired dosage injected into one of the small venous 
mesenteric radicles, the vein tied off and the abdomen closed. Thus 
was the infecting dose transported by the portal vein directly to the 
liver. 
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Inasmuch as our earlier experimental doses were in some cases over- 
whelmingly large and productive of focal necrosis through embolic 
plugging of the small venous radicles of the liver, it was determined to 
reduce this dosage. The difficulty of arriving at any exact practical 
quantitative measurements of tubercle bacilli is well known. For our 
purpose there seemed no necessity for an exact dosage provided it did 
not exceed certain limits. | 

With those rabbits killed earlier than the fifth day after virulent in- 
fection, an emulsion of only moderate thickness was employed. With 
each pair of rabbits there was a slight difference in the procedure of the 
preparation of the emulsion, but nevertheless the preparation was 
always fundamentally the same. From a six to eight weeks’ old culture 
of B1 in glycerine broth an amount roughly equal to 10 mgm. of dried 
bacilli was taken. This quantity was triturated in a mortar for fifteen 
minutes, after which time 10 cc. of normal salt solution were added. 
The resulting emulsion was next centrifugated five to ten minutes at 
moderate speed in a water centrifuge in order to throw down the re- 
maining clumps of bacilli. The supernatant fluid was then filtered 
through one layer of sterile filter paper and several layers of sterile 
cotton, the result being a homogenous emulsion of an opalescent ap- 
pearance. Stained fields of a given loop showed the bacilli for the 
most part singly or in groups of from 2 to 5. Such an emulsion or one 
very similar in its composition was used as the virulent dose in all of 
those rabbits killed before the fifth day. All rabbits killed after the 
fifth day received a larger dose as will be seen from the protocols. The 
quantity administered was gradually reduced from 10 mgm. for those 
animals killed on the fifth day down to 1 mgm. for those killed on the 
eighty-fifth day. 

At autopsy, pieces of the various organs were placed in 10 per cent 
formalin solution and after hardening were embedded in paraffine. 
For the most part haematoxylin alone was used to stain the sections 
because it gave such an excellent contrast with the carmine vital stain. 
The sections were also stained with haematoxylin-eosin, Wright’s stain, 
and after the method of Ziehl-Neelsen. Probably on account of the 
formalin hardening process the Ziehl-Neelsen stained sections were for 
the most part unsatisfactory, in that the tubercle bacilli were found either 
not at all or with great difficulty even in the control animals. Where 
bacilli were found, there was little or no difficulty in distinguishing their 
color from that of the carmine. 
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Inasmuch as the method of vital staining was employed in the ani- 
mals used in these experiments, some understanding of this latter proc- 
ess is necessary. Goldmann (3), Kiyono (4), and Evans, Winternitz 
and Bowman (5) and others have established the fact that as regards 
_ the liver, the vital stain is taken up in larger part by endothelium cells 
lining the minute blood sinuses and by a few of the connective tissue 
cells of the liver capsule and of the periportal connective tissue; that 
furthermore, to some extent, it is taken up by the specific liver cells; 
that the polymorphonuclears and lymphocytes do not show the stain: 
(a general rule holding good throughout the body); and that dye con- 
taining giant cells is formed from dye containing Kupffer cells if the 
dye be administered in sufficient amount and over a sufficient period of 
time. 

Without going further into a discussion of the physiology of the proc- 
ess involved in the mechanism of vital staining, it may be said that the 
so called Kupffer cell belongs to the large group of macrophages and 
that it plays the réle of so called epithelioid cell in the formation of the 
tubercle in the liver. It was hoped that by the vital staining of these 
cells a method was at hand by which the true epithelioid cell might be 
more definitely differentiated from the other mononuclear types than 
was possible by using the older accepted methods of staining. The actual 
results were, to some extent, disappointing, however, in that the Kupffer 
cell immediately on exposure to the tuberculous toxin loses in part its 
capacity to take the vital dye into its protoplasm. Only by the in- 
jection of vital stain at such a time that it is circulating in the blood 
stream during the formation of the tubercle is it possible to produce 
more than a weak staining of the Kupffer cells in the tubercle. In 
those animals in which the tubercle has been allowed to develop be- 
fore the injection of the dye, there was found practically no dye in its 
epithelioid cells. This fact was also observed by Kiyono in his experi- 
ments with vital staining in liver tuberculosis, while Goldmann found 
that the same held good for Kupffer cells poisoned with other sub- 
stances. It should be noted that there is a cell of epithelioid type origi- 
nally described by Kupffer and differing from the Kupffer cell at least 
in its lack of capacity for taking up the vital stain. Here again, diffi- 
culties present themselves in all but the youngest tubercles. 

The dye used was prepared by adding 5 grams of carmine to 100 cc. 
of a cold saturated solution of lithium carbonate. This solution was 
then cooked a few minutes, filtered through paper and after cooling 
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was ready for use. Five doses of this carmine dye were given intra- 
venously during the last six days, the quantities being increased each 
day in about the following sequence: 5 cc., 6 cc., 7 cc., 8 cc., 8 cc. In 
the protocols it will be noted that in those animals allowed to live only 
a short while, the staining was timed so that free dye should be in the 
circulating blood during the formation of the tubercles. Some de- 
scription of the vital staining results in the liver of a normal rabbit is, 
of course, desirable. Two normal rabbits were stained in a manner 
identical as to dosage and time with that described. At autopsy, there 
was found macroscopically only the general deep red staining peculiar 
to the rabbits vitally stained with carmine. From each of the two 
livers two pieces were taken from widely separated portions. These 
pieces were hardened in formalin, sectioned and stained exactly as were 
those of the rabbits employed in this work. The same description 
applies practically to both livers. The striking point was, as usual, 
engorgement of the Kupffer cells with the carmine granules. These 
cells were swollen, had frequently assumed a spherical shape, and were 
often found lying free in the blood sinus. Here and there was found 
such a cell in which the nuclei had already undergone a certain amount 
of division with the production of three or four daughter nuclei. These 
cells must be regarded as the earliest stages in the production of the 
giant cell, but only very rarely was a giant cell of anything like typical 
appearance encountered. In addition to these Kupffer cells, the sinuses 
contained an increased number of the atypical Kupffer cells which do 
not take up the dye. The nuclei of many of these cells showed sub- 
division and here and there a mitotic figure, and all the evidences of 
rapid cell proliferation. The specific liver cells were also found to have 
taken up a certain number of the carmine granules, but no difficulty was 
found in differentiating these cells from the vitally stained endothelial 
cells: About the larger vessels, several fairly large collections of cells 
were found. These cells were chiefly unstained mononuclears although 
among them a fair number of carmine containing cells was found. Very 
occasionally one could find lying in the blood sinus a very small collec- 
tion of cells apparently the result of vital staining. These collections 
were composed of 4 to 8 cells with usually a large carmine containing 
cell in the center, the surrounding cells including chiefly carmine free 
mononuclears and a few polymorphonuclears. These cell collections 
were so scarce and their appearance was such that they could scarcely 


be confused with early tubercles. 
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PROTOCOLS 


Rabbit 21. Seven hours. Control to no. 22. Doe: weight, 2975 grams, 

March 3: 0.2 cc. watery extract of tubercle bacilli no. 201 ‘eft side intra- 
cutaneously. Result negative. 

March 4: 5 cc. carmine solution intravenously. 

March 5: 6 cc. carmine solution intravenously. 

March 6: 7 cc. of carmine intravenously. 

March 7: No stain. 

March 8: 8 cc. of carmine intravenously. 

March 9: No stain. 

March 10: 8 cc. of carmine intravenously. 

March 11: At 11.30 a.m. injected intramesenterically with 4 cc. of an 
emulsion of bovine bacilli prepared as in the description of technique. 

At 6.30 p.m., that is, after seven hours, this animal was given a few whiffs 
of chloroform, after which its throat was cut and the animal was allowed to 
bleed to death. 

On autopsy there were found only the usual staining effects of carmine. 
All organs normal. 


Rabbit 22. Seven hours. Doe: weight, 2600 grams. This animal re- 
ceived on October 8, 1 cc. of a thick emulsion of human bacilli H37 under the 
skin of the right groin. Regional lymph node became swollen to size of a 
hazel nut, and animal gave positive skin reaction to W. E. 

Nothing further was done with this animal until January 29, when it was 
found that the regional lymph node was no longer palpable and that the 
intracutaneous test was negative. The animal was therefore on February 1 
once more injected with a thick emulsion of human bacilli H37 under the skin 
of the right groin. 

March 2: Intracutaneous skin test markedly positive. 

The animal was next injected intravenously with a carmine solution in a 
manner identical with that employed in control rabbit no. 21. 

March 11, 12 noon: Injected intramesenterically in a manner identical 
with no. 21, using the same emulsion. Animal was killed in the same manner 
after seven hours. 

Autopsy again showed only the results of staining, although the lungs 
showed several small haemorrhagic areas thought to be agonal. In the 
omentum was found a small, hard nodule the size of the little finger tip. 
This nodule was not examined histologically, but its appearance was that of 
coccidiosis. 

Microscopical examination of the livers of the two animals showed no 
very definite differences. In that of rabbit 22 there were occasional small 
collections of 3 to 8 carmine containing cells, which, however, could not be 
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called tubercles, although they were not to be found in the liver of rabbit 21. 
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There was no notable excess of cells in the sinuses of either liver, nor was 
there any special excess of polymorphonuclear leucocytes. Focus of cocci- 
diosis was found in the liver of rabbit 22. 


Rabbit 19. Nineteen hours. Doe: weight, 1975 grams. 

March 3: Intracutaneous test negative. 

March 4: 5 cc. carmine solution intravenously. 

March 5: 6 cc. carmine solution intravenously. 

March 6: 7 cc. carmine solution intravenously. 

March 7: No stain. 

March 8: 8 cc. carmine solution intravenously. 

March 9: 9 a.m., 5 cc. carmine solution intravenously. 

March 9: 2.15 p.m., injected intramesenterically with 4 cc. of an emul- 
sion of bovine bacilli, Bi, which showed an average of seven bacilli to the 
field, with a magnification of 750, and a very few clumps. 

March 10: 9.30 a.m., that is, nineteen hours after virulent infection, 
animal was given a few whiffs of chloroform and bled to death. 
Macroscopically nothing of special importance found. 


Rabbit 20. Nineteen hours. This animal, like no. 22, received two im- 
munizing doses of H37 under the skin of the right groin, the first in October 
and the second on the first of February: 1 cc. of a thick emulsion of H37 was 
administered each time. Skin test of March 2 markedly positive, and a gland 
the size of a lima bean was palpable in the right groin. 

March 4: Animal was injected with carmine solution in a manner identical 
with rabbit 19. 

March 9: 3.30 p.m., animal was injected intramesenterically in a man- 
ner identical with rabbit 19 save that in this case it was found after with- 
drawing the needle that a quantity of the emulsion had escaped into the 
peritoneal cavity. This amount was estimated at 2 cc. or one-half the total 
quantity injected. 

March 10: Autopsy 10.15 a.m., that is, after nineteen hours. Killed 
in a manner identical with no. 19. Macroscopically nothing of importance 
found, save a large gland in the right groin, previously mentioned. 

A comparison of the livers of these two animals shows a difference not 
very striking but nevertheless quite appreciable. The liver of rabbit 19 
shows as yet no definite tubercles, while in that of no. 20 there are already in 
each section some half dozen collections of epithelioid cells in number from 
10 to 40. These cells are chiefly carmine containing, although there is a rela- 
tively small number of mononuclears which show no stain and which are to 
all appearances that type of carmine free mononuclear found in the liver 
sinuses. There is no special zone of inflammation about these tubercles. 
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The Wright stain shows a rather strikingly large number of polymorpho- 
nuclears in these tubercles, there being frequently 3 to 8 or 9 of these cells. 
There is also a relatively larger number of these polymorphonuclears in the 
blood sinuses as compared with the sinuses of liver 19. In both of these 
animals the blood sinuses are abnormally full of the carmine containing endo- 
thelial cells and those not containing carmine. Many or both of these types 
of cells show nuclear proliferation. This may well be due to the vital stain- 
ing. Here again the sections of liver 19 show an occasional nodule of cocci- 
diosis, with its central area of epithelioid cells and a few round cells about 
the periphery. 

This picture is one which might well be confused with that of a tubercle 
were it not that the development of tubercles of such size would be impossible 
in so short a time. 


Rabbit 29. Twenty-eight hours. Control to rabbit 30. “_ 1, weight 
1860 grams. Intracutaneous test negative. 

April 2: 5 cc. carmine solution intravenously. 

April 6: 6 cc. carmine solution intravenously. 

April 4: No carmine. 

April 5: 7 cc. carmine solution intravenously. 

April 6: 8 cc. carmine solution intravenously. 

April 7: 8 cc. carmine solution intravenously at 9.15 a.m. 

At 11 a.m., that is, two hours after carmine injection, this animal was 
injected with 2 cc. of an opalescent emulsion of a five weeks’ old broth cul- 
ture of Bi. This solution was relatively somewhat thicker than that em- 
ployed in the previous two animals. 

Animal was killed by bleeding twenty-eight hours after injection of viru- 
lent bacilli. Autopsy showed nothing of special importance. 


Rabbit 30. Twenty-eight hours. Weight, 1940 grams. 

February 24: 1 cc. of a thick emulsion of H37 in the right groin sub- 
cutaneously. 

April 1. Intracutaneous test strongly positive. Beginning April 2 this 
animal was treated in a manner identical with that employed with rabbit 29. 

On autopsy the liver showed on its surface two white spots the size of a 
pin head, apparently coccidiosis. The lungs of this animal were relatively 
quite dark and congested, but there was no suggestion of any consolidation. 
The liver was definitely more congested than that of no. 29, 

A microscopic examination of these two livers shows that as yet there is 
no definite tubercle formation in liver 29, whereas liver 30 already shows a 
relatively large number of small miliary tubercles. The number of these is 
quite striking, there being several in each low power field. Each tubercle 
consists of 8 to 30 cells laid down in the blood sinus and with no special zone 
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of inflammation about the periphery. The cells are chiefly of the carmine 
containing type, with some cells which are apparently of the atypical Kupffer 
type. The number of polymorphonuclears in this section is not striking. 
The section of one of the liver nodules described in the autopsy of liver 30 
shows it to be coccidiosis. The small tubercles described under this liver 
are entirely different from a young coccidiosis nodule, and cannot be con- | 
fused with such a picture. The cells in the sinuses of both livers are under- 
going quite active proliferation and several carmine containing cells are 
found in which various phases of the mitotic figure may be discovered. 


Rabbit 31. Control to rabbit 32. Medium sized buck. Forty-eight 
hours. 

April 1: Intracutaneous test negative. 

April 3: Carmine solution, 5 cc. intravenously. 

April 4: No injection. 

April 5: Carmine solution, 6 cc. intravenously. 

April 6: Carmine solution, 7 cc. intravenously. 

April 7: Carmine solution, 8 cc. intravenously. 

April 8: Carmine solution, 8 cc. intravenously at 9 a.m. One and a half 
hours after the injection, or at 10.30 a.m., this animal was injected intra- 
mesenterically with about 1.5 cc. of an opalescent emulsion of B1: In the 
case of this animal and also no. 32, the intended quantity for injection was 
2 cc., but a small amount, estimated at 0.5 cc., failed of injection. 

April 10, 11.30 a.m.: that is, forty-eight hours, animal killed by bleeding. 
Autopsy showed nothing of note. 


Rabbit 32. Buck:.weight, 2130 grams. Forty-eight hours. 

February 26: Immunizing dose of 1 cc. of a thick emulsion of human 
bacillus, H37, under the skin of the right groin. 

April 1: Intracutaneous test showed a fairly strong positive reaction. 

Beginning April 3 this animal was treated in a manner identical with no. 
31. Autopsy showed the liver somewhat darker and apparently more con- 
gested than that of no. 31. Also in the peritoneal cavity there was a small 
amount of pink, clear fluid. Microscopically there is a very striking differ- 
ence between the livers of these two animals. The sections of liver 32 show 
relatively a very large number of miliary tubercles. In the low power field 
these are dotted quite thickly, there being at times as many as a half dozen 
such collections in this field. These collections are, from a cellular stand- 
point, identical with those found in liver 30. They are, however, somewhat 
larger, although they are found in varying sizes. Here again there is an 
abnormglly large number of polymorphonuclears present in the tubercles. 
The blood sinuses of this liver are very full of cells, and the whole impres- 
sion is of a liver quite engorged. The cell elements about the capsule of . 
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Glisson in the various parts of the liver are very little, if any, increased in 
number. The cells which fill the blood sinuses are everywhere of the type 
normally found. There is, however, a large increase in number, and there 
are all the signs of an active proliferation of both the carmine containing and 
the carmine free Kupffer cells. 

In contrast to liver 32, liver 31 shows its increased cell content about the 
capsule of Glisson all through the liver. This is so marked as to strongly 
suggest a cirrhosis. It is presumed that this picture is due to coccidiosis in 
that here and there small coccidiosis nodules of fair size are found. On the 
other hand there are almost no special collections of cells in the blood sinuses, 
although here and there an occasional such collection is found. In this liver 
also there is an excess of the normally found cells in the blood sinuses, but 
these are considerably less marked than in liver 32. 


Rabbit 11. Control to no. 12. Buck: five days. 

November 11: Injected intramesenterically with 5 cc. of an emulsion con- 
taining 10 mgm. of bovine bacilli B1. On the same day 5 cc. of carmine 
solution were injected intravenously. 

November 11: 6 cc. carmine solution injected intravenously. 

November 13: 7 cc. carmine solution injected intravenously. 

November 14: 5 cc. carmine solution injected intravenously. 

November 15: 7 cc. carmine solution injected intravenously. 

November 16: Animal killed by a blow on the head. Peritoneum showed 
moderate adhesions at the side of operation, otherwise normal. Lungs showed 
some haemorrhagic condition, probably agonal. Liver showed some six 
whitish, hard spots, pin head in size or somewhat smaller, apparently cocci- 
diosis; otherwise nothing of note. 


Rabbit 12. Buck: weight, 1950 grams. Four and one-half days (approxi- 
mately). 

October 8: Injected with 1 cc. of a thick emulsion of human bacilli, H37, 
under the skin of the right groin. 

November 11: Skin test gave positive result. Two glands the size of large 
beans in the right inguinal region.” 

Beginning November 11 this animal was treated in a manner identical 
with rabbit 11. On the day following injection of bacilli, the animal showed 
evidences of being ill. The animal remained in a rather weak condition until 
November 15, when it was obviously quite sick. On the morning of No- 
vember 16 the animal was found dead. 

Autopsy showed only a moderate degree of peritonitis, not sufficient ot have 
caused death. Lungs showed right sided pneumonia; otherwise nothing of note. 

Although rabbit 12 was found dead on the morning of the fifth day and the 
liver section showed some cloudy swelling, it was nevertheless quite possible 
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to compare the same with the liver of the control rabbit 11, which was killed 
on the morning of the fifth day. The liver of rabbit 12 showed a moderate 
degeneration of the liver cells and much congestion, the sinuses and blood 
vessels being frequently choked with blood, apparently a post mortem affair, 
but on the other hand there was a large number of tubercles of considerable 
size, thesé frequently showing tubercle bacilli in reduced number and stain- 
ing poorly. Their structure was loose, and they were made up chiefly of 
Kupffer cells. In this case the outline of the tubercle was considerably less 
clean cut than had been the case in the animals killed at a shorter interval, 
the cells not seldom extending out from the tubercle itself into the off-shooting 
sinuses. Also, many of the tubercles showed apparently an increased num- 
ber of bile capillaries. These tubercles were found both in the sinuses and 
extending out from the capsule of Glisson. In liver 31, on the other hand, 
the picture was quite different. Here, the number of tubercles was rela- 
tively small, there being only one per field here and there. Then, too, they 
were only very rarely to be found in the sinuses. They occurred to the 
greatest extent reaching out from the capsule of Glisson. In structure they 
were quite compact, were quite clean cut in outline, and were almost purely 
epithelioid in structure. The Ziehl-Neelsen method of staining showed these 
tubercles to contain a large number of bacilli which stained normally and 
showed no signs of degeneration. Sections of liver 11 showed a large num- 
ber of giant cells in process of formation, although one never found one com- 
pletely formed. Polymorphonuclears were,rare in both of these livers. 


Rabbit 23. Control to no. 24: buck, weight, 2300 grams. Eleven days. 

November 14: Injected intramesenterically with 5 cc. of saline solution 
containing 5 mgm. of bovine bacilli B1. 

November 20: 5 cc. carmine solution intravenously. 

November 21: 6 cc. carmine solution intravenously. 

November 22: 7 cc. carmine solution intravenously. 

November 23: 8 cc. carmine solution intravenously. 

November 24: 8 cc. carmine solution intravenously. 

November 25: that is, eleven days after virulent injection, animal killed by 
blow on the head. Save that the peritoneum showed a few adhesions at the 
site of operation, nothing of note was found at autopsy. 

Rabbit 24. Buck: weight, 2300 grams. Eleven days. 

‘October 8: Injected with 1 cc. of a thick emulsion of human bacilli H37 
in the right groin. 

November 9: Regional gland easily palpable; intracutaneous test, good 


positive. . 


Beginning November 14 this animal was treated in a manner identical with 
rabbit 23. 
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November 25: This animal was killed by a blow. There was considerable 
bleeding from the mouth, and death occurred with great inspiratory effort. 
At autopsy the lungs were found to be quite emphysematous and mottled 
with haemorrhagic spots. No tubercles were visible at this time. How- 
ever, when the lungs had been allowed to harden in formalin solution, a large 
number of very fine pin point tubercles were to be made out with the naked 
eye. The liver and all other organs were apparently normal. 

The differences in the microscopic appearance of the above two livers are 
quite striking. Although there is a considerable number of small tubercles 
in liver 11, they are practically everywhere discrete. In liver 24, on the 
other hand, there are roughly twice as many tubercles of the same or about 
the same size as in liver 23, but they are frequently confluent, so that the 
general impression is that of a very considerable degree of involvement. In both 
livers the centres of the tubercles are made up of epithelioid cells, but their 
similarity ends there. Whereas there is a considerable zone of round cells 
about the tubercles of no. 23, these are almost entirely lacking in liver 24, in 
which the tubercles are almost purely epithelioid, that is, made up of typi- 
cal large cells with the pale staining nuclei. Furthermore, the outlines of the 
tubercles in liver 24 are clean cut and sharply demarcated from the sur- 
rounding tissue, whereas the outlines of those in liver 23 are ragged and the 
cells are extending into the surrounding sinuses. In neither liver is any 
vital stain to be found in the cells making up the tubercles, although it is 
found in normal amount in the appropriate cells elsewhere. Also, the cells 
of the tubercles in both livers take the eosin of the haematoxylin-eosin stain 
rather poorly, and the blue of the Wright stain not at all. Evidently there 
is considerable degeneration present in these cells, although this has never 
gone on to definite necrosis. Giant cell formation has only just begun in 
liver 23, whereas in liver 24 there are a number of well formed giant cells. 
The sinuses of both livers are relatively packed with red cells, Kupffer cells 
and mononuclears, many in process of nuclear division. Only rarely can a 
polymorphonuclear be found either within or without the tubercles. 


Rabbit 15. Control to rabbit 16: doe, weight, 2100 grams. Seventeen 
days. 
November 13: Injected intramesenterically with 5 cc. saline solution 
containing 5 mgm. of bovine bacilli B1. 

November 24: 4 cc. carmine solution intravenously. 

November 25: 7 cc. carmine solution intravenously. 

November 26: 7 cc. carmine solution intravenously. 

November 27: 8 cc. carmine solution intravenously. 

November 28: No staining. 

November 29: 6 cc. carmine solution intravenously. 

November 30: Animal killed by blow. 
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Autopsy showed slight peritoneal adhesion at the point of operation. 
The lungs showed a few punctate haemorrhages and what were regarded as 
questionable very small miliary tubercles. After hardening in formalin solu- 
tion, these questionable areas came out very prettily as small pin point tu- 
bercles, with which the surface of the lung was more or less studded. The 
liver was apparently normal. All other organs apparently normal. 


Rabbit 16. Doe: weight, 2200 grams. Seventeen days. 

October 8: Injected with 1 cc. of a thick emulsion of human bacilli H37 
under the skin of the right groin. 

November 11: Regional gland easily palpable. Intracutaneous test gave 
good positive result. 

Beginning November 13 this animal was treated in a manner identical 
with control rabbit 15. The animal was killed by a blow and died quietly. 

At autopsy the lungs showed many fine punctate haemorrhagic looking 
spots very slightly elevated. At the time it was questionable whether these 
were tubercles. After hardening in formalin solution these were found to be 
very definitely discrete miliary tubercles, of which there was an enormous 
number, having in general a diameter about three times as great as those found 
in the lungs of rabbit 15. The liver now for the first time showed macro- 
scopic areas suggestive of tubercles. These were small, punctate areas, 
brilliant red against the usual maroon colored liver tissue of the vitally stained 
animal. Again, hardening in formalin brought out the character of these 
areas in that they were found to be small,-gray areas, pin point in size, and 
obviously miliary tubercles. Save for the spleen being quite large, the 
autopsy otherwise showed nothing of special note. 

Here again the microscopic difference between the two sets of livers is 
very striking. First of all, the number of tubercles in liver 16 is very much 
greater than in its control, the tubercles in no. 16 being confluent over all. 
They are purely epithelioid in structure, are sharply demarcated from the 
surrounding tissue, and show almost no inflammatory reaction. There is no 
carmine to be found in the protoplasm, and, what is quite striking, there is 
little carmine to be found in the Kupffer cells in the sinuses. The inference 
is that these cells, too, have undergone an amount of toxic degeneration 
sufficient to hinder their taking up the dye. Furthermore, the sinuses are now 
quite normal in their cell content as compared with liver 15, where the sin- 
uses are literally packed. The impression derived from the study of liver 16 
is that the disease has here reached its maximum development, and that 
from now on the process will be clearing up. Only an occasional giant cell is 
found in liver 16, whereas in no. 15 they are present in fair number. Also, 
in liver 16 there are found a few areas of very definite necrosis, where it is 
believed bacterial emboli have interfered with the circulation. Also, there is 
considerable vacuolization of the specific liver cells about central veins of the © 
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lobules. The tubercles in liver 15 appear very definitely more inflammatory. 
Their outlines are irregular and show very many round cells, which reach 
out into the surrounding sinuses. It is inferred that this liver is now in a 
hypersensitive state as a result of the time elapsed since the virulent infection, 
and that consequently there is a definite inflammatory reaction now present 
which in rabbit 16 probably exhausted itself at a much earlier stage. 


Rabbit 25. Buck: weight, 2300 grams. Control to rabbit 26. Twenty- 
six days. 

November 16: Injected intramesenterically with 5 mgm. of bovine bacilli 
Bi. 

December 7: 5 cc. carmine solution intravenously. 

December 8: 6 cc. carmine solution intravenously. 

December 9: 7 cc. carmine solution intravenously. 

December 10: 7 cc. carmine solution intravenously. 

December 11: 8 cc. carmine solution intravenously. 

December 12: Animal was killed by a blow. Death was quiet. 

The lungs showed small punctate irregularities, thought to be distended 
alveoli and believed to be agonal. On section the lung appeared normal. 
Again, after hardening in formalin solution, the character of these irregu- 
larities became obvious, inasmuch as the lungs were then found to be literally 
one mass of very fine discrete and confluent miliary tubercles. The liver 
showed four carmine stained punctate areas; otherwise nothing abnormal 
either before or after formalin. 


Rabbit 26. Buck: weight, 2240 grams. Twenty-six days. 

October 8: Injected with 1 cc. of a thick emulsion of human bacilli H37 
under the skin of the right groin. 

No regional gland tumor developed, but the animal gave a fairly ‘ihiew 
positive skin test on November 11. 

Beginning November 16 this animal was treated in a manner identical 
with that employed in rabbit 25. 

At autopsy the lungs showed some small, reddish spots 0.5 to 1 mm. in 
diameter, sharply circumscribed, discrete and thought to be miliary tubercles. 
These were seen only on the surface and not on the section. After hardening 
in formalin solution, many more tubercles were brought out on the lung sur- 
face of a character similar to those seen before formalin hardening. The 
liver was apparently normal. 

Betwen these livers there is again a vast difference. Whereas in control 
liver 25 the development of tubercles has apparently reached its maximum, 
the liver tissue being almost one mass of tuberculosis, a very marked healing 
process has gone on in liver 26, with the result that the number of tubercles 
is now relatively small and the process is quite evidently under control. As 
compared, for example, with the liver of rabbit 16, the amount of tuberculosis 
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in liver 26 might be said at a guess to be in the proportion of 1 to 10. The 
cell structure of the tubercles in liver 25, as might be expected, is quite dif- 
ferent from that in liver 26. In liver 25 the tubercles are much like those in 
rabbit 16, save that in the latter rabbit they are fewer in number. The re- 
semblance, however, is so striking that one is impressed with the idea that 
the tubercles of liver 25 have at the end of twenty-six days reached practi- 
cally the same stage of development as did those of rabbit 16 in seventeen 
days. The tubercles in liver 26 present a quite remarkable picture in that 
they are almost exclusively made up of perfectly formed giant cells. The 
relatively small number of tubercles found in this liver are quite small in size, 
frequently there being only a single giant cell with no surrounding area what- 
ever. Other tubercles few in number are larger in size and contain perhaps 
as many as 20 or 30 giant cells. Again, there is no carmine to be found either 
in giant cells or the few epithelioid cells which are to be found in some of the 
tubercles. One receives the impression from the study of the slides of this 
liver that the single giant cell is probably the end stage of the liver tubercle 
and that with its disappearance no trace whatever is left of the previously 
existing tubercles. There is nothing suggesting any special cirrhosis in this 
liver. With the Ziehl-Neelsen stain a few barely staining and disintegrating 
tubercle bacilli in the tubercles of liver 25 were found. There were none in 
liver 26. No definite necrosis was found in either liver. 


Rabbit 9. Control to no. 10. Buck: weight, 2100 grams. Fifty days. 
_ November 17: Injected intramesenterically with 5 cc. of saline solution 
containing 2.5 mgm. bovine bacilli B1. 

December 31: Carmine solution, 5 cc. intravenously. 

January 1: Carmine solution, 6 cc. intravenously. 

Jnauary 2: Carmine solution, 7 cc. intravenously. 

January 3: No staining. 

January 4: Carmine solution, 8 cc. intravenously. 

January 5: Carmine solution, 8 cc. intravenously. 

January 6: Animal killed by blow on the head. 

Autopsy showed at the site of the original laparotomy some confluent 
cheesy nodules forming a mass three-fourths of an inch in diameter; other- 
wise peritoneum was normal. The lungs showed countless small tubercles, 
many of distinct carmine color, others of a colorless, gelatinous appearance. 
The tubercles were pin point to 2 mm. in diameter and had both on the sur- 
face and on section a granular appearance. The liver showed two colorless 
areas the size of a pinhead on the anterior surface. These were possibly 
coccidiosis; otherwise there was nothing abnormal made out either on surface 
or section. Spleen was of normal size and appearance. Each kidney showed 
roughly a dozen tubercles in the neighborhood of 0.5 mm. in diameter. 


Rabbit 10. Buck: weight, 2040 grams. Fifty days. 
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October 8: Injected with 1 cc. of a thick emulsion of human bacilli H37 
under the skin of the right groin. 

November 11: A gland the size of a large pea was palpable in the right 
groin and there was a very weakly positive intracutaneous reaction. 

Beginning November 17 this animal was treated in a manner identical with 
rabbit 9. 

Autopsy showed a striking difference i in the amount of involvement in the 
lungs, in this case the involvement being essentially very slight. The liver 
was apparently normal. Spleen of normal size and color. The kidneys again 
showed tubercles, but in the ratio of about 1 to 10, as compared with rabbit 
9. A microscopic study of these livers illustrated very well the natural re- 
sistance to tuberculous infection possessed by the rabbit’s liver. In rabbit 
10 tubercles were to be found only with extreme difficulty, and in the con- 


trol rabbit 9 there were only some 10 or 12 tubercles to be found in each 
section. The difference in the cellular structure of the tubercles is not very 
striking. In both cases they are almost purely epithelioid, and in both cases’ 
there were giant cells to be found. In liver 9, however, the latter were in’ 


considerably greater number and gave an excellent opportunity for study of 
giant cell formation, these cell pictures again convincing the writer that 
most, if not all, giant cells are the result of nuclear proliferation within the 


Kupffer cells. It might be added that in liver 10 occasional single giant cells’ 


were to be found, by no means in the same number as in liver 26, but never- 
theless suggesting that these single giant cells are the end stage in the dis- 
appearance of the tubercle. 


Rabbit 17. Control to rabbit 18. Doe: weight, 2100 grams. 

November 19: Injected intramesenterically with 3 cc. of saline solution 
containing 1 mgm. of bovine bacilli B1. 

February 8: 5 cc. carmine solution intravenously. 

February 9: 6 cc. carmine solution intravenously. 

February 10: 7 cc. carmine solution intravenously. 

February 11: 5 cc. carmine solution intravenously. 

This animal was killed on February 12, being bled to death after primary 
anaesthesia with chloroform. 

During the interval from November 19 to rong 12 the rabbit became 
increasingly sick and lost 500 grams in weight. At one time there developed a 
reddish, purulent nasal discharge, probably due to “snuffles,” which during 
this period attacked several of the animals in the pens. 

Autopsy showed carmine stained tubercles, 1 to 2.5 mm. in diameter, scat- 
tered over the serous coat of the intestines. A few nodules were also to be 
found in the parietal peritoneum. The omentum showed a few cystic nodules 
of coccidiosis. The spleen was apparently normal. The kidneys were both 
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studded as to surface and section, with numerous tubercles 1 to 2.5 mm. in 
diameter. The lungs were only moderately involved, the tubercles for the 
most part showing carmine stain. The liver was apparently normal. 


Rabbit 18. Doe: weight, 1700 grams. 
October 8: Injected with 1 cc. of human bacilli H37 under the skin of the 
right groin. 

November 11: There was an easily palpable gland in the right groin, and 
the intracutaneous test showed a weakly positive result. 

November 19: Weight 1850 grams. 

From this point on the animal was treated in a manner identical with 
no. 17. 

At autopsy the peritoneum was found normal and spleen normal. The 
kidneys showed two grayish areas pin point to pinhead in size on the sur- 
face of the right kidney. The lungs showed confluent areas of carmine stain 
and consolidation at the bases and edges of the lung. These areas of tuber- 
culosis were thought to be embolic in origin. Otherwise the distribution of 
tuberculosis was about the same as in the control. The eyes in this rabbit 
both showed a diffused haziness, with one or two tubercles evident in the 
region of the iris. Microscopically both livers now illustrated the propensity 
of the liver to heal itself naturally. Liver 17 showed only some two to five 
very small tubercles to the low power field, while in the liver of rabbit 18 
tubercles were found only after relatively long search, and such as were found 
were very small. The cell structure of ttibercles in both animals was essen- 
tially the same, being chiefly epithelioid, with a very small number of small 
round cells thereabout. No definite necrosis was found in either animal. 
One might add that several giant cells, usually single, were found in the 
liver of rabbit 18, while they were found only with great difficulty in that of 


no. 17. 


The results of the microscopic study of the above-described livers might 
be summed up rather briefly as follows: 

Up to forty-eight hours the striking difference is the number of intrasinus 
tubercles in the immune livers as contrasted with the non-immune livers; 
also the inflammatory reaction in the former is definitely more marked. 

At four days there are relatively very many tubercles in the immune liver 
and much inflammatory reaction, while in the non-immune liver the tubercles 
are relatively few. 

At ten days the degree of involvement is considerable in both livers, but 
much more marked in the immune. On the other hand, the non-immune 
liver now shows more inflammatory reaction, the tubercles in the immune 
liver being much more purely epithelioid in structure. 

At seventeen days the involvement of the immune liver is again much 
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greater, but the tubercles are becoming yet more purely epithelioid in struc- 
ture, while those in the non-immune liver are markedly inflammatory. The 
non-immune liver shows a much greater involvement than does the immune 
liver at five days, but the tubercles are not unlike in structure. 

At twenty-six days the involvement in the non-immune liver has become 
very great, but the tubercles have now lost their inflammatory character 
and have become almost purely epithelioid. In the immune liver, on the con- 
trary, the involvement is vastly less and there is a relatively enormous num- 
ber of giant cells. The non-immune liver on this day shows more involve- 
ment than does the immune liver of either ten or seventeen days, but is strik- 
ingly similar in cell structure. 

At fifty days neither liver shows any very great involvement, but the 
involvement present in the non-immune is still considerably greater than in 
the immune. One finds no cheesy degeneration in either liver, and the 
tendency to encapsulation is not at all marked. Both livers show many 
giant cells. 

At eighty-five days the livers are largely free from tubercles, the healing 
process apparently having advanced somewhat faster in the immune animal. 

It will be noted in the protocols that the even-numbered animals are 
always the experimental animals which, before the virulent intramesenteric 
injection, have been immunized with H37 subcutaneously. On the other 
hand, the odd-numbered animals are always the non-immunized control 
animals. For convenience of description the even-numbered rabbits in this 
summary were termed the immunized animals and the odd-numbered rabbits 
were termed the non-immunized animals. 


DISCUSSION 


When this problem was undertaken,,it was thought that the livers 
of the sensitized animals would probably react to the secondary infec- 
tion in an acutely exudative manner, as was the case in the secondarily 
infected lungs of rabbits. The already mentioned work of Nichols to 
this effect was, in a sense, the basis of the present work. With his re- 
sults in mind, I had hoped with the aid of the vital stain to be able 
to establish more easily than was before possible any difference which 
there might be in the cell structure of the primary and the secondary 
tubercle. But as already mentioned, the vital staining method was not 
satisfactory for such differential purposes in any but the very youngest 
tubercles, in which the dye was free in the circulation. In the study of 
tubercles at this stage, it was found of great value since the process of 
degeneration of the epithelioid cell had presumably not gone sufficiently 
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far to hinder its taking up the dye. It might be said here that my work 
served only to corroborate the findings of Evans, Winternitz and Bow- 
man in those respects where comparable. 

These authors using trypan blue as the differential dye in the study 
of the histology of the miliary tubercle in the rabbit brought out the 
following facts which I was able to substantiate: That the Langhans 
giant cell of liver tuberculosis is derived from the Kupffer cell and that 
it is in the vast majority of cases, if not always, derived from a single 
Kupffer cell whose nucleus has undergone mitotic division; that the 
earliest reaction shows a relatively increased number of polymorpho- 
nuclears which disappear very quickly, to be replaced by the vitally 
stained epithelioid cell; that the so called epithelioid cell of the liver 
tubercle is a derivative of the fixed endothelial or Kupffer cell, and not 
haematogenous in origin; that the initial stage of the intralobular tu- 
bercle in many instances consists in the phagocytosis of one or more 
bacilli by the Kupffer cell, which cell undergoes growth and nuclear divi- 
sion to form a giant cell which may or may not become surrounded by 
other epithelioid cells to form the miliary tubercle. . 

As regards the ultimate fate of the experimental liver tubercle in the 
rabbit, I have been able to find nothing in the literature. My two 
pairs of rabbits which were allowed to live the longest period, respectively 
fifty and eighty-five days, illustrated fairly well the degree of natural 
resistance possessed by the liver tissue of the rabbit. In all four of these 
animals the liver lesions had largely disappeared although in the con- 
trol animals there was still a fair number of tubercles to be found, in 
contrast to the immunized animals in which they were to be found only 
with difficulty. That this fact*was not due to smaller dosages was evi- 
denced by the findings in the lungs of both the fifty and eighty-five 
day control rabbits. These lungs were very much involved in con- 
trast to the lungs of the experimental animals. It was an interesting 
fact that no especial evidence of any liver cirrhosis was to be found. 
The tubercles were apparently absorbed without leaving any trace 
behind them. Apparently the giant cells found in the livers of animals 
no. 18, no. 10 and no. 26 were the end stages of tubercle absorption. One 
was rather forced to this conclusion from the fact that these giant cells 
were found to be rapidly diminishing in number, and, in fact, they 
seemed to be the chief cell of the tubercle in the livers of these three 
experimental animals which were allowed to survive for the longest 
period. None of the existing tubercles in either control or immune 
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livers showed any special necrosis, nor was any tubercle found of more 
than very small miliary size. Judged by the findings in those animals 
killed at earlier periods, we must assume that these tubercles had once 
been considerably larger and had, in the course of time, been reduced 
to the smaller size. 

All in all, we must say that this study of the rabbit liver shows us no 
essential difference in the cell types of the two reactions. The really 
striking contrast lies in the rapidity and degree of reaction. It will be 
noted in the protocols that the tuberculosis of the immune livers de- 
veloped with far greater rapidity than did that of the control animals. 
In fact, one would say off hand, that even up to seventeen days after 
virulent infection, the immune liver appeared much more diseased. 
But between the seventeenth and twenty-sixth days after virulent in- 
fection, some vital change took place in the livers of the immunized 
animals since the tubercles of the immune animal on the latter date showed 
a marked retrogression in size and number, while those of the control 
animal had continued to progress and now showed their maximum de- 
velopment. This series of events as regards the liver is in agreement 
with the findings of Nichols who found a quite similar course of events 
in his rabbits’ lungs. 

If one correlates the various pieces of experimental work in which 
the relation between reactions to primary and secondary tuberculous 
infections have been studied, he must be impressed by the fact that the 
skin phenomenon described by Koch is one which may transpire any- 
where in the body. It requires but little imagination to apply all of these 
results to our knowledge of the pathology of tuberculosis, and to find in 
them the explanation of many hitherto unsettled points. 


CONCLUSIONS 


1. The liver of the tuberculous rabbit possesses a very great degree 
of immunity to a secondary virulent infection with bovine tubercle 
bacilli. 

2. The development of experimental tuberculosis in the rabbit’s liver 
when due to second infection pursues a course practically identical 
with that pursued in secondarily produced tuberculosis of the rabbit’s 
lung. 

3. The type of cell concerned in the reaction to the second infec- 
tion is the same as that concerned in the reaction to the primary infec- 
tion. The reaction difference is one of degree and rapidity. 


4 
. 
= 
im 
| 
H = 
| 
| 
| 
; 
H 
| 
= 
lm 
} 
i 
i 
; 
i : 
= 


406 - W. B. SOPER 


(This work was performed under a grant made by Mr. Bradford 
f Merrill of New York City and it was also made possible through the 

generosity of Mrs. A. A. Anderson of New York City, to both of whom 
I desire to express my acknowledgment.) 
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THE REACTION OF THE LOCAL TUBERCLE 


A METHOD FOR DETERMINING THE VALUE OF INDIRECT 
THERAPEUTIC AGENTS IN TUBERCULOSIS 
H. J. CORPER 
From the Laboratory of the City of Chicago Municipal Tuberculosis Sanitarium 


It is rather singular that studies of the local tubercle have never 
been made in such a way as to make this important lesion of tuber- 
culosis available by standardization for continuous and repeated obser- 
vations to be used in gauging the effect of various conditions and thera- 
pies upon the host in his combat against tuberculosis. In a recent 
paper (1) read before the Robert Koch Society of Chicago, it was 
pointed out that therapeutic agents should be considered from two 
important standpoints: as direct therapeutic agents, or those that have 
an influence either bactericidal or inhibitory upon the tubercle bacillus 
itself, and as indirect therapeutic agents, or those that influence the 
host and in this way indirectly act upon the bacilli. The latter effect 
is by no means insignificant and deserves careful attention. Lewis 
and Montgomery (2) used the cornea of rabbits for making observations 
on the effect of iodin, tuberculin, calcium lactate, benzol and inter- 
current disease upon the local tubercle, but this method proved to have 
certain disadvantages, most important of which was the necessity for 
large numbers of expensive animals. Hirsch (3) in studying the influ- 
ence of iodin and iodides on the absorption of tubercle granulation 
tissue used intraperitoneal and intramuscular injections in guinea-pigs 
and rabbits, but of course readings in these cases could only be made 
post mortem or very indefinitely ante mortem. In these experiments 
no especial attention was paid to the fact that there was a difference be- 
tween the reaction of animals that had never before received injections 
of tubercle bacilli and those that had. Koch (4) in his pioneer work 
even noted a striking difference between the reaction of normal and 
previously infected or immunized animals. Courmont and Lesieur (5) 
point out that a second transcutaneous inoculation made two weeks 
after the primary results negatively, denoting a difference between the 
primary and second infection. In a recent publication Weil (6) in 
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carrying out experiments to determine whether this difference or allergic 
condition is due to a cellular reaction or not concludes: 


In the first place it may be assumed that the specific response in tubercu- 
losis, as in serum anaphylaxis, is due to the presence of those substances 
described as antibodies. On the basis of this assumption it is clear that these 
antibodies must be considered to be cellular, or ‘‘sessile,” since it is only on 
this theory that the response of the isolated organ (guinea-pig uterus used 
by him) can be explained. It is not to be supposed that the uterine cells are 
the only ones of the body which contain the specific antibodies. In fact, it 
is highly probable that many, if not all of the tissues of the body are simi- 
larly altered by tuberculous infection, although the methods at present avail- 
able do not permit of a demonstration of this fact. 


EXPERIMENTAL PART 


It is of course easily appreciated that any experiments of a com- 
parable nature can only be carried out when definite standards have 
been set which limit the conditions of experimentation and which make 
possible within certain limits of error the duplication of these standards. 
It is well known that to a great extent the reduplication of tubercles is 
not possible when using living tubercle bacilli on account of the several 
factors involved, the growth of the bacilli and the uncertain resistance 
of the tissues of the host. One of these uncontrollable factors, the 
growth of the bacilli, can, however, be ruled out by using dead bacilli. 
Dead bacilli to all intents and purposes produce locally identical tu- 
bercles, anatomically and histologically, to those produced by the living 
bacilli (7). The tubercle bacilli used in the experiments to be re- 
ported were killed by heat (100°C.), were washed free from all contami- 
nating substances by means of 0.9 per cent sodium chloride solution and 
were finally kept under absolute alcohol for use. From these a standard 
‘suspension was made which contained a definite known dry weight of 
bacillary bodies (dried at 100°C.), and sterile suspensions for injection 
were made by diluting the latter to the same strength as the standard 
control, using a nephelometer for this purpose. In all cases 0.1 cc. of 
the suspension of known strength was injected intracutaneously into 
the skin of the abdomen of a smoothly shaven guinea-pig. The readings 
were measured by means of a caliper graduated in 0.01 cm. and are the 
actual tubercle or tumor thickness as obtained after deducting from the 
total thickness read by means of the caliper the normal skin thickness 


in the vicinity of the lesion. - 
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SERIES I 


Reaction of normal and allergic guinea-pigs to tubercle bacilli, kaolin, 
calcium carbonate and coagulated egg albumin' 


In starting any series of standardizing experiments it is always advis- 
able to choose some arbitrary unit as a working basis and for this reason 
it was necessary to run a series of standardizing tests with each ma- 
terial used to determine their unit. The arbitrary unit used throughout 
this paper was a tubercle or tumor of approximately the size attained 
by the intracutaneous injection into the abdomen of a normal guinea- 
pig of 0.1 mgm. (dry weight) of the above preparation of tubercle 


TABLE 1 


Standardization of dead tubercle bacilli, kaolin, calcium carbonate and egg albumin reactions in 
normal guinea-pigs 


TUBERCLE BACILLI KAOLIN CALCIUM CARBONATE COAGULATED ALBUMIN 
cm. cm. cm. cm. cm. cm. cm. cm. cm. cm. cm. cm. 
1 | 0.02 | 0.02 | 0.04 | 0.04 | 0.04 | 0.05 | 0.04 | 0.04 | 0.06 | 0.02 | 0.03 | 0.05 
2 | 0.02 | 0.03 | 0.05 | 0.04 | 0.06 | 0.06 | 0.03 | 0.05 | 0.06 | 0.02 | 0.05 | 0.07 
4 | 0.01 | 0.05 | 0.06 | 0.05 | 0.06 | 0.09 | 0.02 | 0.06 | 0.08 0.05 | 0.07 
6 | 0.02 | 0.04 | 0.05 | 0.04 | 0.05 | 0.09 | 0.02 | 0.07 | 0.09 0.03 | 0.09 
8 | 0.01 | 0.02 | 0.05 | 0.03 | 0.04 | 0.08 | 0.01 | 0.06 | 0.09 0.02 | 0.07 
10 | 0.01 | 0.03 | 0.04 | 0.02 | 0.03 | 0.07 0.06-| 0.08 0.04 
12 0.02 | 0.04 0.02 | 0.08 0.04 | 0.05 0.02 
14 0.01 | 0.03 0.03 | 0.07 0.03 | 0.04 
16 0.04 0.02 | 0.05 0.02 | 0.02 
18 0.02 0.05 0.02 | 0.02 
20 0.04 


These readings given in centimeters are the means of readings in 3 guinea-pigs weighing 
400 to 600 grams. Injections were made intracutaneously into skin of abdomen. 

The figure indicates the amount of tubercle bacilli, water free (see preparation), kaolin 
(dry), calcium carbonate (dry), and coagulated egg albumin (dry) prepared as directed by 
Vaughan for making toxic proteins by coagulating with alcohol and extracting with alcohol 
and ether to remove fats, injected in 0.1 cc. of sterile salt solution in suspension form. 

The egg albumin injections are unsatisfactory on account. of the difficulty encountered 
in injecting heavy suspensions of this substance in 0.1 cc. amounts. 


1 The tubercle bacilli used for intracutaneous injection in all the experiments in this 
paper were prepared as described above, the kaolin was Merck’s purest acid washed, the 
calcium carbonate was chemically pure (Merck) and the coagulated egg albumin was pre- 
pared by coagulation of egg white by means of alcohol and extracting all the fats by means 
of hot alcohol and ether, drying and pulverizing as does Vaughan (Vaughan, V. C., Protein 
Split Products in Relation to Immunity and Disease, 1913) in preparing his toxic proteins. 
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bacilli. Since different substances were found to react differently, espe- 
cially in their rate of disappearance from the site of injection, and there- 
fore in producing a resultant tumor or tubercle, the selections of com- 
parable amounts were at times difficult, but the nearest approximation 
was taken as a working basis. 

Experiment 1. Standardization of tubercle bacilli, kaolin, calcium car- 
bonate, and coagulated egg albumin intracutaneous reactions in normal 
guinea-pigs. ‘There were included in this experiment three normal male 
guinea-pigs and they were given varying amounts of the above four sub- 
stances as indicated in table 1. 

The above experiment recorded in table 1 indicates that definite 
amounts of tubercle bacilli, kaolin, calcium carbonate, and coagulated 
egg albumin produce, when injected intracutaneously into normal 
guinea-pigs, tubercle-like reactions, the reaction being dependent upon 
the amount of substance injected. 


TABLE 2 


Reaction to tubercle bacilli, kaolin, calcium carbonate and egg albumin in guinea-pigs pre- 
viously given dead tubercle bacilli 


ANIMAL 1 ANIMAL 2 ANIMAL 3 
Tuber- Calcium E Tuber- Calcium Tuber- Calcium 
cle Kaolin | carbon-|_ 28. cle Kaolin | carbon- Egg. cle Kaolin | carbon- Egg. 
bacilli ate M) bacilli *ate albumin bacilli ate albumin 
2 | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. 
A 0.1 2.0 2.0 2.0 0.1 2.0 2.0 2.0 0.1 2.0 2.0 2.0 
cm. cm. cm. cm. cm. cm. cm. cm. cm. cm. cm. cm. 


1 0.17 | 0.12 | 0.08 | 0.07 | 0.10 | 0.10 | 0.09 | 0.07 | 0.04 
2 0.17 | 0.51 | 0.10 | 0.08 | 0.10 | 0.28 | 0.10 | 0.07 | 0.08 
4 | 0.31 | 0.09 | 0.09 | 0.18 | 0.55 | 0.13 | 0.07 | 0.12 | 0.40 | 0.14 | 0.06 | 0.08 
6 | 0.39 | 0.07 | 0.07 | 0.13 | 0.50*) 0.10 | 0.07 | 0.11 | 0.25*| 0.09 | 0.07 | 0.08 
8 | 0.25 | 0.07 | 0.05 | 0.10 | 0.42 | 0.09 | 0.06 | 0.10 | 0 25 | 0.08 | 0.05 | 0.07* 
10 | 0.25 | 0.06 | 0.04 | 0.06 | 0.16 | 0.10 | 0 04 | 0.08 | 0.20 | 0.08 | 0.05 | 0.07* 
12 | 0.12 | 0.05 | 0.03 | 0.04 | 0.12 | 0.09 | 0.04 | 0.06 | 0.19 | 0.07 | 0.04 | 0.04 
14 | 0.12 | 0.04 | 0.02 | 0.02 | 0.08 | 0.09 | 0.02 | 0.02 | 0.14 | 0.07 | 0.03 | 0.03 
16 | 0.10 | 0.04 | 0.02 0.08 | 0.08 | 0.02 0.10 | 0.06 | 0.02 


0.07 | 0.08 | 0.07 
0.13 | 0.08 | 0.08 


The experiments carried out with egg albumin were unsatisfactory on account of the 
difficulty in injecting this substance in 0.1 cc. amounts in heavy suspensions. 

Post mortem examination of the above three guinea-pigs at the end of the experiment 
revealed only a local abscess or tubercle at the site of the subcutaneous injection of the 
dead-tubercle bacilli. The rest of the animal appeared normal macroscopically. 

Each figure given is the mean of two tubercles produced in the same animal. The numeral 
heavy type signifies that the tubercle has ruptured and is discharging; ordinary type follow- 
ing this signifies healing of tubercle. An asterisk after the figure signifies that only one of 
the tubercles has ruptured. 5 
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Experiment 2. Reaction of guinea-pigs previously given a subcutaneous 
injection of dead tubercle bacilli to intracutaneous injections of tubercle 
bacilli, kaolin, calcium carbonate and coagulated egg albumin. There were 
included in this experiment three normal male guinea-pigs, each of 
which had received subcutaneously into the left lower quadrant of the 
abdomen 20 mgm. of a culture no. 1573 of heat killed (100°C.) human 
tubercle bacilli ten days before initiating the intracutaneous tests with 
tubercle bacilli, kaolin, calcium carbonate and coagulated egg albumin. 
The results of the actual tubercle or tumor thickness are tabulated in 
table 2. 

It is to be noted that in guinea-pigs previously given a subcutaneous 
injection of dead tubercle bacilli there was no difference in the reaction 
to the intracutaneous injection of kaolin or calcium carbonate from that 
obtained in normal animals, but the reaction toward tubercle bacilli 
was marked by an increase in size of the tubercle with rupture and dis- 
charge of the same occurring on about the sixth to eighth day after such 
intracutaneous injection. The results with coagulated egg albumin 
were variable and unsatisfactory, probably on account of the difficulty 
encountered in injecting this substance intracutaneously. 


TABLE 3 


Reaction to tubercle bacilli, kaolin, calcium carbonate and egg albumin in guinea-pigs pre- 
viously given virulent living tubercle bacilli 


ANIMAL 1 ANIMAL 2 ANIMAL 3 
cle olin | carbon- cle aolin | carbon- cle aolin | carbon- 
bacilli ate |tbumin pacini ate ate 
2 | mgm. | mgm. | mem mgm. | mgm mem mgm mgm. | mgm mgm mgm mem 
4 2 0.1 2.0 2.0 2.0 2.0 


cm. cm. cm. cm. cm. cm. om. cm. cm. cm. cm. cm. 
1 | 0.10 | 0.07 | 0.06 | 0.07 | 0.10 | 0.08 | 0.06 | 0.09 | 0.08 | 0.08 | 0.05 | 0.07 
2 | 0.12 | 0.10 | 0.08 | 0.10 | 0.32 | 0.13 | 0.07 | 0.12 | 0.16 | 0.08 | 0.07 | 0.10 
4 | 0.41 | 0.12 | 0.07 | 0.10 | 0.26 | 0.16 | 0.08 | 0.10 | 0.26 | 0.09 | 0.06°} 0.11 
6 | 0.24*| 0.10 | 0.06 | 0.07 | 0.20*| 0.11 | 0.06 | 0.08 | 0.21 | 0.10 | 0.06 | 0.10 
8 | 0.18*| 0.09 | 0.06 | 0.06 | 0.10 | 0.10 | 0.05 | 0.06 | 0.12*) 0.09 | 0.05 | 0.08 
10 | 0.12 | 0.08 | 0.05 | 0.04 | 0.09 | 0.10 | 0.04 | 0.05 | 0.11*| 0.07 | 0.04 | 0.05 
12 | 0.12 | 0.06 | 0.03 | 0.02 | 0.09 | 0.09 | 0.04 | 0.04 | 0.10*| 0.07 | 0.02 | 0.02 
14 | 0.10 | 0.05 | 0.02 0.07 | 0.08 | 0.02 | 0.02 | 0.11*| 0.06 | 0.02 | 0.02 
16 | 0.08 | 0.04 | 0.02 0.06 | 0.06 | 0.02 0.10 | 0.05 | 0.02 


Use all of the notes of table 2. 

Post mortem examination at the termination of the experiment revealed generalized 
tuberculosis in all of the above guinea-pigs of this series. 

The figures above are the mean of the readings of two tubercles. 
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Experiment 3. Reaction of guinea-pigs previously infected by the sub- 
cutaneous injection of virulent tubercle bacilli to intracutaneous injections 
of tubercle baciili, kaolin, calcium carbonate and coagulated egg albumin. 
There were included in this experiment three male guinea-pigs of approxi- 
mately the same weight at the beginning of the experiment, each of 
which received 20 mgm. of a virulent living culture (no. 1573) of human 
tubercle bacilli subcutaneously in the left lower quadrant of the abdo- 
men ten days before the intracutaneous injections of tubercle bacilli, 
kaolin, calcium carbonate and coagulated egg albumin. The results 
of readings of the actual tubercle or tumor thickness resulting from the 
intracutaneous injections are given in table 3. ° 

The results of this experiment in which infected guinea-pigs were 
used were similar to those obtained in series I, experiment 2, in which 
dead bacilli were used in the primary subcutanous injection except that 
the individual variations were greater. These variations may have been 
due in part at least to the loss in weight occasioned by the active dis- 
ease in the animals, as will be pointed out in subsequent experiments. 


SERIES II 


The effect of nutrition upon the reaction produced by tubercle bacilli in 
guinea-pigs previously having been given dead tubercle bacilli 
and the best period after the primary injection for 
making the intracutaneous test 


In some preliminary experiments carried out while initiating this 
investigation it was noted that especially when using guinea-pigs of dif- . 
ferent sizes there was a marked difference in their reactions to the in- 
tracutaneous injections of tubercle bacilli, so that it was thought advis- 
able to investigate the effect of starvation upon the local tubercle 
reaction. 

Experiment 1. The effect of nutrition upon the reaction produced by 
tubercle bacilli. For this purpose a series of four guinea-pigs was used 
which had received previous injections of dead tubercle bacilli, and these 
were divided into two sets. One set (guinea-pigs 1 and 3) were well 
fed while the other set (2 and 4) were starved and a month and a half 
later they were again tested by the intracutaneous injection of dead 
tubercle bacilli when the first set was starved and the second set well 
fed. The results are given in table 4. 
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TABLE 4 
Effect of nutrition on local tubercle bacilli reaction in guinea-pigs previously given dead tubercle 
bacilli 
GUINEA-PIG 1 GUINEA-PIG 2 GUINEA-PIG 3 GUINEA-PIG 4 
Starvation Well fed Starvation Well fed 
Well fed eriod, Starvation | period, Well fed eriod, Starvation period, 
g period 14 months period 14 months period 14 months period 1} months 
} later later later later 
om. cm. cm. cm. cm. cm. cm. cm. 
1 0.14 0.10 0.09 0.17 0.14 0.11 0.08 0.18 
2 0.20 0.14 0.16 0.21 0.20 0.12 0.13 0.29 
4 0.35 0.22 0.22 0.24 0.33 0.14 0.16 0.31 
6 0.36 0.26 0.28 0.26 0.38 0.14 0.28 0.36 
8 0.34* 0.28 0.30 0.32 0.40* 0.16 0.29 0.39* 
10 0.28 0.29. 0.29 0.30 0.34 0.19 0.26* 0.35* 
12 0.24 0.31* 0.31 0.21 0.28: 0.20 0.272 0.30 
14 0.22 0.22 0.28 0.14 0.20 0.19* 0.20 0.24 
16 0.20 0.20 0.20 0.10 0.16 0.18 0.16: 0.18 


The intracutaneous tubercles were made by injections of 0.1 mgm. of dead tubercle bacilli 
(dry weight). 

The animals between the period of starvation and being well fed would lose and gain 
about 250 to 300 grams. The average weight of the pigs used (during the well fed period) 
was about between 800 and 900 grams. 

The figures are the mean of the thickness readings of two tubercles. 


It is to be noted from this experiment that the reaction to the in- 
tracutaneous injection of tubercle bacilli is less marked during the 
starvation period than during the well fed period. As an expression 
of this there is to be noted the greater size of the tubercles in the well 
fed animals and the delay in rupture of the tubercles in the starved 
animals. 

Experiment 2. The best period after the primary injection for initiating 
the intracutaneous tubercle. A series of twelve guinea-pigs was given 
subcutaneous injections of 20 mgm. of heat killed virulent human tubercle 
bacilli no. 1305 and were then injected intracutaneously into abdo- 
men with 0.1 mgm. (dry weight) of dead human tubercle bacilli (each 
receiving two intracutaneous injections). The intracutaneous injec- 
tions were given to a single guinea-pig 3, 6, 9, 12, 15, 18, 21, 25, 29, 
33, 37, and 43 days after the initial subcutaneous injection. 

In previous tests on normal guinea-pigs occasionally the tubercles 
would rupture, but when this occurred there was no definite time 
period of such rupture that could be noted. For this reason and un- 
controllable factors (as previously stated even a malnutrition) the 
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above series did not give clear cut data. As a whole, however, the 
majority of the guinea-pigs developed intracutaneous tubercles (about 
fifteen days after the subcutaneous injection of the dead tubercle bacilli) 
which ruptured in about six to ten days after injection. One of the 
four animals previous to the termination (nine days) of this incubation 
period also ruptured on the eighth to tenth day, and one of the guinea- 
pigs (twenty-nine days) of the remaining eight after this period for some 
unknown reason did not rupture until fourteen to sixteen days after 
initiation of the intracutaneous tubercles. 


SERIES III 


In this series the local intracutaneous reactions to tubercle bacilli 
were compared with those obtained with splenic tissue, aleuronat 
and edgstin. These substances were selected because they all were 
protein, the spleen and aleuronat being complex and not pure but con- 
taining other cellular components especially in the case of the spleen, 
aleuronat having the power. of attracting leucocytes and stimulating 
tissue reactions. They were further chosen because of the uncer- 
tainty of the reactions obtained with coagulated egg albumin in series 
I, due to the difficulty in handling the latter. Edestin was chosen 
because it can be obtained as a pure chemical substance (a pure vege- 
table protein) and on account of its practical insolubility, thus being 
better available for local reactions than a substance that-is soluble and 
would immediately diffuse away from the site of injection. The aleu- 
ronat and edestin were chemically pure, obtained from Merck; the 
splenic tissue was prepared by grinding, drying (100°C.), and pulver- 
izing the spleen of a steer and passing through bolting cloth of very 
fine mesh. Before injection the substances were sterilized dry and then 
suspended in 0.9 per cent salt solution, being weighed out for this purpose. 

Experiment 1. Standardization of splenic tissue, aleuronat and edestin 
intracutaneous reactions in normal guinea-pigs. There were included in 
this experiment three normal male guinea-pigs which were given varying 
amounts of splenic tissue, aleuronat and edestin and 0.1 mgm. tubercle 
bacilli as indicated, and with the results given in tubercle or tumor 
thickness as shown in table 5. 

It is to be noted from this table that splenic tissue and aleuronat 
produce an intracutaneous reaction in normal animals resembling, 
although not identical with that produced by tubercle bacilli, but 
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TABLE 5 
Standardization of splenic tissue, aleuronat and edestin in normal guinea-pigs 


DAYS 


ANIMAL 1 ANIMAL 2 ANIMAL 3 
Spleen Edestin 33 Aleuronat Edestin 33 Spleen Aleuronat 


0 


40 | 20 | 04 40 | 2.0 04] 0.1 | 2.0 | 04 | 0.08] 4.0 


bacilli 


cm. | cm. cm.| cm. | CM. | Cm. cm. | Cm. | Cm. | Cm. | CM. | Cm. | cm. | cm. | Cm. | cm cm. | Cm. | CM. | CM. 


0.09/0.04/0.03)0. 10}0.03/0.02/0.08/0. 
0.09/0.05/0.03/0. 10/0 .02/0.08/0.06 
0.10/0.05/0.03/0.11/0.05 0.090. 11/0.09/0.02/0.08)0.04 0.09/0.09/0.06 0.13)0 
0.10)0.08 0.09/0.03 0.13)0.12/0.08 0.06)0.03 0.10)0.08)0.06 0.14/0 
0.10|0.08 0.08 0.11/0.10/0.05 0.05}0.02 0.10/0.09/0.04 0.10/0 
0.08/0.07 0.06, 0.10)0.08/0.04 0.03 0.08/0.07/0.02 0.09/0 
0.06)0.05 0.02 0.08/0.06/0.03 0.02 0.07/0.05 0.07 
0.04 . 0.06)0.05 0.06|0.03) . 0.06 
0.05)0.04 0.04 0.05 
0.05|0.02 0.04 0.03 


' which are the mean of the readings of two tubercles. 


edestin on the other hand produces only a temporary or transient 
nodule. 

Experiment 2. Reaction of guinea-pigs previously given a subcutaneous 
injection of dead tubercle bacilli to intracutaneous injections of tubercle 
bacilli, splenic tissue, aleuronat and edestin. ‘There were included in this 
experiment three normal male guinea-pigs, each of which had received 
subcutaneously into the left lower quadrant of the abdomen 20 mgm. 
of a culture no. 1573 of heat killed (100°C.) human tubercle bacilli six- 
teen days before the intracutaneous injection of tubercle bacilli, splenic 
tissue, aleuronat and edestin. The results of the readings of tubercle 
thickness are tabulated in table 6. 

It is to be noted from inspection of table 6 that guinea-pigs pre- 
viously given a subcutaneous injection of dead tubercle bacilli reveal 
practically no difference in their reaction to splenic tissue and edestin 
from that obtained in normal animals, but the reaction to tubercle 
bacilli, as previously noted, was entirely different. The reaction to 
aleuronat revealed a slight difference in view of the fact that one of the 
two lesions ruptured and discharged (on the tenth day) in the case of 
two of the guinea-pigs injected. No significance can be attached to 
this, however. 


The above are the readings of individual tubercles with the exception of those of the tubercle bacilli nodules 
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TABLE 6 


Reaction to tubercle bacilli, spleen, aleuronat and edestin in guinea-pigs previously given dead 
tubercle bacilli 


ANIMAL 1 ANIMAL 2 ANIMAL 3 
Oem 3 3 
& n < n < n 
g | mgm mgm. mgm. mgm. | mgm mgm. mgm. mgm. | mgm. | mgm. | mgm. | mgm. 
4 0.1 2 4.0 0.1 2 4.0 4.0 0.1 2.0 4.0 4.0 
cm. cm. cm cm cm cm. cm. cm cm. cm cm 


« 
o 
S 
S 
a 
S 
S 
S 
S 
S 


10 | 0.12 | 0.11 | 0.05 0.15 | 0.07 | 0.11*| 0.02 | 0.13 | 0.10 | 0.14* 
12 | 0.09 | 0.06 | 0.04 0.11 | 0.04 | 0.07 0.09 | 0.08 | 0.09%! . 
14 | 0.07 | 0.05 | 0.04 0.10 0.06 0.08 | 0.06 | 0.08 
16 | 0.06 | 0.04 | 0.03 0.08 0.05 0.06 | 0.05 | 0.06 


Post mortem examination nineteen days after initiation of above intracutaneous tests 
revealed only local tuberculosis at the site of injection of the dead tubercle bacilli. 
The figures given are the mean of readings of two separate tubercles in each animal. 


Experiment 3. Reaction of guinea-pigs previously infected by the sub- 
cutaneous injection of virulent tubercle bacilli to intracutaneous injections 
of tubercle bacilli, splenic tissue, aleuronat and edestin. In this experi- 
ment three male guinea-pigs of approximately the same weight at the 
outset were used, each of which received 20 mgm. of a virulent living 
culture (no. 1573) of human tubercle bacilli subcutaneously in the left 
lower quadrant of the abdomen sixteen days before the intracutaneous 
injections of tubercle bacilli, splenic tissue, aleuronat and edestin.. The 
results of the readings of the actual lesion or tubercle thickness resulting 
from the intracutaneous injections are given in table 7. 

The results of this experiment, in which infected guinea-pigs were 
used, did not differ greatly from those obtained in series III, experiment 
2, in which dead bacilli were used in the primary subcutaneous injec- 
tion, except that individual variations were again greater, as had been 
noted in series I, experiment 3. These variations, the delayed rup- 
ture of the tubercles and the diminished size of reactions may possibly 
have been due, in part at least, to the nutritional condition of these 
animals in consequence of the infection. 
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F fe | 2 | 0.13 | 0.10 | 0.11 | 0.07 | 0.14 | 0.08 | 0.12 | 0.10 | 0.14 | 0.09 | 0.12 | 0.09 
 & } 4/0.19 | 0.10 | 0.10 | 0.06 | 0.19 | 0.09 | 0.16 | 0.08 | 0.17 | 0.08 0.15 0.07 
: A ( 6 | 0.20 | 0.13 | 0.08 | 0.04 | 0.22 | 0.10 | 0.16 | 0.06 | 0.18 | 0.10 | 0.15 | 0.05 
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TABLE 7 


living tubercle bacilli 
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ANIMAL 1 ANIMAL 2 ANIMAL 3 
< a |e < | & a < 4 
2 | mem. | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | mgm mem. 
4 0.1 2.0 4.0 4.0 0.1 2.0 4.0 4.0 0.1 2.0 4.0 4.0 
cm. cm. cm. cm. cm. cm. cm. cm. cm. cm. cm cm. 
1] 0.10 | 0.11 | 0.11 | 0.10 | 0.12.| 0.08 | 0.08 | 0.07 | 0.09 | 0.09 | 0.09 | 0.08 
2 | 0.10 | 0.11 | 0.12 | 0.09 | 0.11 | 0.09 | 0.10 | 0.05 | 0.10 | 0.10 | 0.10 | 0.08 
4 | 0.09 | 0.11 | 0.12 | 0.07 | 0.13 | 0.09 | 0.10 | 0.05 | 0.10 | 0.08 | 0.10 | 0.09 
6 | 0.11 | 0.10 | 0.12 | 0.03 | 0.12 | 0.08 | 0.11 | 0.02 | 0.11 | 0.08 | 0.11 | 0.06 
8 | 0.10*| 0.10 | 0.10 0.11 | 0.08 | 0.12 0.08 | 0.08 | 0.13 | 0.02 
10 | 0.12*] 0.11 | 0.11 0.11 | 0.08 | 0.12 0.07 | 0.08 | 0.13 
12 | 0.12*| 0.09 | 0.10 0.10 | 0.07 | 0.10 0.07 | 0.07 |-0.12 
14 | 0.11*| 0.08 | 0.10 0.09 | 0.06 | 0.09 0.07*| 0.07 | 0.10 
16 | 0.09*| 0.07 | 0.09 0.09 | 0.05 | 0.07 0.06 | 0.06 | 0.09 , 


Post mortem examination of these guinea-pigs twenty days after initiating the intra- 
cutaneous tests revealed a marked general tuberculosis in all of them. These figures are 
the mean of readings of two separate tubercles in each animal. 


Experiment 4. Reaction of guinea-pigs previously given injections of 


Splenic tissue, aleuronat and edestin to intracutaneous injections of splenic 
tissue, aleuronat and edestin. In order to see whether previous injec- 


TABLE 8 
Reaction to spleen, aleuronat and edestin in guinea-pigs previously given some of these 
ANIMAL 1, SENSITIZED TO SPLEEN ANIMAL 2, SENSITIZED TO ANIMAL 3, SENSITIZED TO 
AND EDESTIN ALEURONAT AND EDESTIN SPLEEN AND ALEURONAT 
DAYS! Spleen | Aleuronat | Edestin Spleen | Aleuronat} Edestin Spleen | Aleuronat| Edestin 
"fo | | | ‘to | ‘to | 40 |- 20 | 30 | 40 
aa cm. cm. om. om. cm. cm. cm. cm. cm. 
1 0.10 0.13 0.15 0.08 0.09 0.13 0.10 | 0.10 0.11 5 
2 0.18 0.15 0.15 0.12 O15 0.18 0.16 0.14 0.15 
4 0.21 0.18 0.12 0.13 0.20 0.19 0.19 0.18 0.20 
6 0.25 0.15 0.12 0.13 6.21 0.18 0.21 0.18 0.12 
8 0.20 0.11 0.09 0.11 0.29* | 0.10 0.21 0.17 0.12 
10 0.18 0.08 0.05 0.10 0.18 0.07 0.16 0.13 0.13 
12 0.16 0.07 0.03 0.09 0.13 0.06 0.13 0.10 0.08 
14 0.12 0.06 0.08 0.08 0.05 0.08 0.09 | 0.05 
16 0.10 0.05 0.06 0.06 0.04 0.05 0.07 


These figures are the mean of the readings of two separate tubercles in each animal. 
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tions of splenic tissue, aleuronat and edestin had any influence upon 
the subsequent intracutaneous injections of any of these substances, a 
series of three male guinea-pigs which had received some of these, as 
indicated in table 8, were tested about. one month later by intracu- 
taneous injections of all three. 

It is to be noted upon inspection of table 8 that guinea-pigs having 
received splenic tissue one month before intracutaneous tests with the 
same substance revealed an increased reaction to this substance, as 
compared to that obtained in normal animals, but the resultant reaction 
did not lead to rupture and discharge of its contents as was the case 
with tubercle bacilli. The results with aleuronat and edestin were 
negative in this respect. 

SERIES IV 


In this series the local intracutaneous reactions to tubercle bacilli 
were compared with those obtained with other bacteria, typhoid and 
pseudodiphtheria bacilli, to see whether these bacillary bodies, when 
given intracutaneously to an animal previously having received injec- 
tions of these same bacteria, caused an increased reaction and rupture 
similar to that found in the case of the tubercle bacilli. It was also inter- 
esting to note whether cross reactions would occur. The typhoid and 
pseudodiphtheria bacilli? were washed free from all contaminating 
media, etc., by means of 0.9 per cent salt solution and were finally 
kept under absolute alcohol after having been heated to 100°C. The 
amount used was determined nephelometrically after preparing a 
standard containing a known dry weight (water free 100°C. dried) of 
bacillary bodies for comparison. 

Experiment 1. Standardization of typhoid bacilli and pseudodiphtheria 
bacilli intracutaneous reactions in normal guinea-pigs. In this experi- 
ment were included three normal male guinea-pigs given varying amounts 
of typhoid and pseudodiphtheria bacilli injected intracutaneously into 
the abdomen in order to determine the standard amount necessary for 
the subsequent experiment. The results are given in lesion or tubercle 
thickness as indicated in table 9. 

It is to be noted from this table that typhoid and pseudodiphtheria 
bacilli can produce an intracutaneous reaction in normal amounts re- 
sembling macroscopically, although nor identical to that produced by 
tubercle bacilli. 


2 These bacilli were kindly furnished for these experiments by Dr. G. H. Sherman nes 
the courtesy of Mr. Simeon Trenner. 
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TABLE 9 
Standardization of typhoid and pseudodiphtheria bacilli reactions in normal guinea-pigs 
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GUINEA-PIG 1 


GUINEA-PIG 2 


GUINEA-PIG 3 


Typhoid bacilli * 


Pseudodiphtheria bacilli 


Typhoid bacilli 


Pseudodiphtheria bacilli 


mem. | mgm. | mgm. 


0.02 


mgm. | mgm. | mgm. 


mem. 


mgm. 
0.02 


mgm. | mgm. 


mgm. 
0.02 


cm. cm. 
1 | 0.14} 0.10 | 0.06 
2 | 0.27 | 0.11 | 0.08 
4 | 0.29 | 0.11 | 0.07 
6 
8 


cm. 


0.23 | 0.11 | 0.07 
0.16 | 0.08 | 0.05 


10 | 0.10 | 0.05 | 0.03 


12 | 0.08 | 0.02 


14 | 0.05 
16 | 0.03 


cm. cm. cm. 
0.13 | 0.08 | 0.06 
0.21 | 0.09 | 0.05 
0.23 | 0.10 | 0.06 
0.20 | 0.10 | 0.05 
0.18 | 0.10 | 0.04 
0.14 | 0.07 | 0.02 
0.11 | 0.06 
0.10 | 0.03 
0.08 


cm. 


0.20 
0.26 
0.30 
0.16 
0.12 
0.08 
0.07 
0.05 
0.03 


cm. 


cm. cm. 


cm. 


0.12 | 0.09 | 0.04 


0.18 | 0.11 


0.04 


0.20 | 0.10 | 0.04 


0.15 | 0.11 


0.03 


0.12 | 010 | 0.03 


0.08 | 0.08 
0.07 | 0.07 
0.08 | 0.05 
0.06 | 0.03 


The above three, pigs weighed about 650 to 700 grams. 
The figures are the mean of the readings in tubercle thickness of two intracutaneous 
tubercles in each guinea-pig except in guinea-pig 3 which received single intracutaneous 
injections of the different dilutions of both bacilli. 
The amount of bacilli given intracutaneously are given under the headings and were 
given in 0.1 cc. physiological salt solution. 


TABLE 10 


Reaction to tubercle bacilli, typhoid and pseudodiphtheria bacilli in guinea-pigs previously 
given the last two 


GUINEA-PIG 3. SENSITIZED TO BOTH 

YPHOD BACILLE PSEUDODIPRTHERIA BACTLLA | T¥PHOW ANDPSEUDODIPETRERIA 
| | | | Pseudo- | Tubercl 

| Typhoid | Typhoid diphtheria | Typhoid 
cm. cm. cm. cm. cm. cm. cm. cm. cm. 
1 0.15 0.17 0.10 0.14 0.18 0.13 0.12 0.19 0.18 
2 @.15 0.19 0.11 0.15 0.19 0.15 0.12 0.20 0.22 
4 0.14 0.19 0.10 0.16 0.17 0.15 0.15 0.19 0.23 
6 0.15 0.13 0.09 0.17 Oi 0.11 0.11 0.12 0.16 
8 0.14 0.11 0.09 0.14 0.11 0.10 0.08 0.09 0.14 
10 0.14 0.08 0.08 0.12 0.08 0.09 0.07 0.06 0.13 
12 0.13 0.05 0.06 0.11 0.05 0.07 0.06 0.05 0.09 
14 0.11 0.03 0.07 0.10 0.04 0.05 0.05 0.03 0.07 
16 0.10 0.06 0.09 0.03 0.04 0.04 0.02. 0.06 


The figures are the mean of the readings of two tubercles in each animal. 
The above guinea-pigs weighed about 700 to 800 grams. 
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Experiment 2. Reaction of guinea-pigs previously given an injection of 
dead typhoid and pseudodiphtheria bacilli to intracutaneous injections of 
tubercle, typhoid and pseudodiphtheria bacilli. This experiment in- 
cluded three male guinea-pigs that had received injections of about 1 
mgm. (dry weight) of either typhoid or pseudodiphtheria bacilli, as in- 
dicated in the chart, twenty-nine days previous to the intracutaneous 
injections of standard amounts of tubercle bacilli. The results of the 
readings at the site of the intracutaneous injections are tabulated in 
table 10. 

It is to be noted that guinea-pigs having received previous injections 
(twenty-hine days before) of typhoid and pseudodiphtheria bacilli re- 
vealed only a slight, if any, difference in reaction to the intracutaneous 
injection of tubercle, typhoid and pseudodiphtheria bacilli from that 
seen in normal animals. 

SERIES V 


The reaction to successive intracutaneous injections of tubercle bacilli 


In the hope of being able to more nearly duplicate tubercles by 
using the same animal repeatedly for the tests, it was thought advis- 
able to do a series of successive intracutaneous injections in a set of 
guinea-pigs having previously received the primary injections of tubercle 
bacilli. With this in mind two sets of four guinea-pigs each were used, 
one set of which (1, 2, 3, and 4), had been given previous subcutaneous 
injections of avirulent living tubercle bacilli and the other set (5, 6, 
7, and 8) injections of dead tubercle bacilli. They were then all given 
three successive intracutaneous injections of dead tubercle bacilli, the 
second intracutaneous injection twenty-three days after the first, and 
the third sixteen days after the second, with the resulting local tubercle 
reactions as indicated in table 11. 

It is to be noted from table 11 that a guinea-pig that has previously 
received either dead or avirulent tubercle bacilli will react to the in- 
tracutaneous injection of dead tubercle bacilli in almost an identical 
way, within the limits of error of the method, for at least three suc- 
cessive times. The rupture and discharge of the tubercle began on 
about the eighth to the tenth day after its initiation. 


SUMMARY 


1. Guinea-pigs having received an injection of dead or living tubercle 
bacilli react to an intracutaneous injection of dead tubercle bacilli 
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(0.1 mgm. dry weight) given about ten days later by producing a larger 
lesion than that produced in normal animals and by such lesion rupturing 
and beginning to discharge on about the eighth to tenth day after its 
initiation. No such change in reaction toward kaolin (2 mgm.) or 
calcium carbonate (2 mgm.) injected intracutaneously was noted in 
guinea-pigs having previously received tubercle bacilli. 

2. Guinea-pigs having received an injection of dead or living tubercle 
bacilli do not react differently from normal animals to an intracutaneous 
injection of splenic tissue (2 mgm.), aleuronat (4 mgm.) or ‘edestin 
(4 mgm.) given about sixteen days later. Guinea-pigs having received, 
however, splenic tissue about one month previous to the intracutaneous 
injection of splenic tissue (2 mgm.) reveal an increased reaction to this’ 
substance, but with the amounts used the resultant reaction did not 
rupture and discharge. The results with aleuronat and edestin were 
approximately the same in normal animals and those having received a 
previous injection of these substances. 

3. The reaction to the intracutaneous injection of dead tubercle 
bacilli (0.1 mgm.) was less marked during a starvation period than 
during a well fed period in animals having had a previous injection of 
dead tubercle bacilli. As an expression of this there was noted the 
diminished size and the delay in the time of rupture of the tubercles in | 
the starved animals. 

4. The best period (after the primary injection of tubercle bacilli) 
for initiating the second intracutaneous injection to obtain a well 
marked reaction with rupture of the tubercle seemed to be any time 
after about fifteen days, although these results were rather indefinite. 

5. Guinea-pigs having received previous injections (twenty-nine days 
before) of typhoid and pseudodiphtheria bacilli revealed only slight, if 
any, difference in reaction to the intracutaneous injection of tubercle 
(0.1 mgm.), typhoid (0.3 mgm.) and pseudodiphtheria (0.3 mgm.) 
bacilli from that seen in normal animals. 

6. Guinea-pigs that have previously received injections of dead or 
avirulent living human tubercle bacilli will react to the intracutaneous 
injection of dead tubercle bacilli (0.1 mgm.) in almost an identical way 
(within the limits of error of the method) for at least three successive 
times. The rupture and discharge of the tubercles begin on about the 
eighth to tenth day after its initiation. 
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GOLD THERAPY OF TUBERCULOSIS! 
LYDIA M. DEWITT 


From the Otho S. A. Sprague Memorial Institute and Pathological Department of the University 
of Chicago 

In 1890 Robert Koch (1) published the statement that gold salts 
and especially the gold cyanides had a high inhibitory power on the 
growth of the tubercle bacillus in the test tube, a dilution of 1 in 
2,000,000 completely preventing the growth of this organism in suit- 
He also stated, however, that these substances have no 
such influence in the animal body. Pharmacologists generally consider 
gold less toxic than mercury, silver, and many other metals and state 
that small amounts may be taken for many months without ill effects. 
The lethal dose of gold potassium cyanide when given intravenously 
is given by Bruck and Gliick (2) as 15 mgm. per kilo of rabbit, the toxic 
dose being 10 mgm. per kilo. One milligram per kilo every second day 
caused no symptoms, while 2 mgm. per kilo every second day caused 
emaciation and finally death with fatty liver and kidney. Heubner states 
that 15 mgm. of the salt or 7 mgm. of gold per kilo of rabbit causes death 
in a few minutes from respiratory stasis, the blood pressure rapidly falling 
to zero and all organs showing hyperaemia with occasional ecchymoses 
and larger haemorrhages. Carnivora stand about three times as 
much as herbivora. Heubner (3) believes that gold salts exercise a 
toxic influence on the walls of capillaries and veins. 
recommended for internal use in pulmonary tuberculosis by Chrestien 
(4) over sixty years ago (Oesterlin’s Handbuch der Arzneimittel). 

Bruck and Gliick (2) in 1913, finding continued treatment by intra- 
venous or intracardiac injections not feasible in guinea pigs, treated 
by intravenous infusions 21 tuberculous patients, mostly lupus, with 
gold potassium cyanide, AuK(CN), alone or combined with tuberculin, 
and obtained good results. Junker (5) and Bettmann (6) report simi- 
lar results from the use of gold potassium cyanide and Arthur Mayer 
(7) (8) found gold cyanides either alone or combined with borcholin 


Gold cyanide was 


1 Read at the Thirteenth Annual Meeting of the National Association for the Study and 
Prevention of Tuberculosis, Cincinnati, Ohio, May 10, 1917. 
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to have a favorable influence on patients. The borcholin is believed to 
dissolve the fatty sheath of the tubercle bacillus. 

In 1891 Liebreich (9) noted that cantharidin caused a local reaction 
in tubercles and other inflammatory foci. This was verified by Feldt 
(10), who found that by condensing it with ethylenediamine he could 
reduce its toxicity about 680 times without affecting its affinity for the 
tubercle. Spiess and Feldt (11) (12) have published several reports of ex- 
periments on the use of a gold cyanide salt of this cantharidinethylenedi- 
amine. They first used the auric salt but found the aurous salt more 
effective and have for several years used the cantharidinethylenediamine- 
aurous cyanide under the trade name, aurocantan, in the treatment of 
tuberculous animals and men. This preparation and other gold prepa- 
rations were first tested on over one hundred tuberculous animals, 2 
mgm. per kilo being the dose well borne. A local reaction consisting of 
hyperaemia and haemorrhage around the nodes followed the injection. 
Compared with the control animals, the treated animals increased in 
weight, lived many months longer and showed less extensive disease in 
the internal organs, while many tubercles were encapsulated by con- 
nective tissue. They state that subcutaneous injections were less 
effective than intravenous because the gold was anchored to the body 
cells long before it could reach the tubercles and the bacilli. After one 
_and one-half years of experimentation on animals, they began to employ 
it in the treatment of tuberculous patients, using from 25 to 100 mgm. 
usually with no ill effects. In a report published by Spiess and Feldt 
in 1914, they stated that they had then treated one hundred tuberculous 
patients with the aurocantan by intravenous infusions. Symptoms of 
reaction began some hours after the injection. These were elevation 
of temperature with sometimes nausea, vomiting and diarrhoea. By 
analysis, they found that after injection of 15 to 20 mgm. of gold at 
intervals of four or five days, gold was excreted with the urine and feces 
at the rate of 1 to 2 mgm. daily. Most patients noted at once a sub- — 
jective improvement in their condition, suggesting that a specific de- 
toxication of the specific toxins of the disease was taking place. In 
some cases a strongly positive von Pirquet reaction diminished and 
finally became negative under the treatment; in others, the reaction 
was unchanged. In some cases a combination of aurocantan with 
tuberculin gave good results and in others the ultraviolet rays were 
used in combination with the aurocantan. They suggest that a com- 
bination treatment promises better effects than the simple treatment 
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with one chemical. In lupus and in laryngeal tuberculosis the local 
effects were most pronounced. In pulmonary tuberculosis the process 
was distinctly influenced, especially during the reaction time. In- 
creased cough, increase of sputum, changed breath sounds and rAles 
give evidence of a reaction. Of the 100 cases, 80 had laryngeal, gener- 
ally with pulmonary tuberculosis, 5 had lupus and 2 had vertebral 
caries. Spiess and Feldt are very conservative and careful in their 
statements regarding permanent cure or even permanent improvement, 
but state that their gold therapy offers a better guarantee for perma- 
nent cure than other local methods of treatment. Ninety of the 100 
cases were reported as decidedly improved and many as clinically 
healed. Spiess and Feldt affirm that the influence of the various gold 
preparations is largely, if not wholly, based on the oxygen carrying 
and oxidizing power of the gold, while in their preparation the canthari- 
din acts as a transporter for the gold. They think there is a direct 
action on the bacilli, reinforced by antibodies, by increased resorptive 
activity of the cells of the tubercle and by stimulation of connective 
tissue formation. 

Recently a Japanese investigator, Munemasa Tsuzuki (13), has sug- 
gested the use of aurolin (AuCl;NaCl),Au(OH);CuCl.2H,0, in the 
treatment of tuberculosis. The fatal dose is 250 mgm. to a kilo of 
guinea pig. Tuberculous guinea pigs were treated by subcutaneous, 
injections and outlived the control pigs. Of 40 patients treated in this 
way for thirteen months, 18 showed decided improvement. He thinks 
that the effect is due not so much to its direct action on the tubercle 
bacillus as on the formation of connective tissue as a result of its local 
irritating action. 

My own work on the gold therapy of tuberculosis has extended over 
the last two years and has been carried on practically exclusively on 
tuberculous guinea pigs. I began my experiments with the ordinary 
gold cyanides, AuK(CN)2, Au(CN); and AuCN. As the table will 
show life was not prolonged and the disease was not checked as com- 
pared with the control animals. The average duration of the disease 
in the untreated controls was considerably longer than in the treated. 
animals, even when we leave out of consideration the considerable num- 
ber of animals which died early from incidental infections, from haemor- 
rhage or from toxic doses of the gold. The extent of the disease in the 
two sets of animals was also about the same. The gold was adminis- 
tered by intracardiac, intramuscular and subcutaneous injections at 
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intervals, with feeding of the gold salt on all days when there was no 
injection. The subcutaneous injections caused considerable necrosis and 
the intracardiac were by no means without danger; and the treatment 
apparently had no beneficial effect on the progress of the disease. 

As it was impossible on account of the war to obtain from Germany 
any of the aurocantan used by Spiess and Feldt and as I wished to 
try their preparation, some was made for me from the German patent 
by my assistant. This preparation, N(CH:).NH;.HAu(CN)2, has 
shown much less necrotizing action than the other gold salts and could 
be injected subcutaneously for long periods with no material injury 
to the skin. At first it was administered only by intracardiac injec- 
tion but later it was found that after subcutaneous injection the ex- 
cretion and distribution were the same and about as rapid as after 
intracardiac injection. On account of the greater safety and convenience 
subcutaneous injections have therefore been used exclusively in all the 
later experiments. As it was found that only about one-half of the 
injected gold was excreted in the course of one week, the injections were 
made once a week, thus keeping up a concentration in the body much 
greater than should be necessary to prevent the growth of the tubercle 
bacilli. The treatments were always begun about twenty-four hours 
after inoculation. The organism used in the experiments with gold 
cantharidin was much less virulent than in the others, so that many of 
the controls failed to develop a generalized disease even after two hun- 
dred and ninety-nine days. As is seen from the table, the duration of 
life is much less and the extent of the disease greater in the treated 
than in the untreated animals. It may be stated, however, in agree- 
ment with the findings of Spiess and Feldt, that there is a decided 
tendency to an increase of weight in animals treated with gold can- 
tharidin, this tendency being in the main more pronounced in tubercu- 
lous than in non-tuberculous animals. This increase > of weight usually 
continues until a short time before death. 

Since it has been frequently stated that it is unfair to a of the 
pharmacological effect of a drug on man by its effect on guinea pigs, 
I have tried to determine the distribution and fate of the gold in the 
treated animals, since it is fair to assume that these will be the same in 
human as in animal tissues. If gold shows no specific attraction for 
tuberculous tissues in the guinea pig, it is quite unlikely that it will 
have any for human tubercles. 

Since no method of quantitative chemical analysis was known which 
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Extent of disease...... 
Milligrams of gold 
Percentage of gold 


lymph glands........ 
Milligrams found in 


Milligrams found in 
intestines........... 
Milligrams found in 


Milligrams of gold per 
liver... 
Milligrams of gold per 
gram of spleen....... 
Milligrams of gold per 
gram of lungs....... 
Milligrams of gold per 
gram of kidneys..... 
Milligrams of gold per 
gram of lymph glands 
Milligrams of gold per 


Milligrams of gold per 
gram of blood....... 
Milligrams of gold per 
gram of skin........ 
Milligrams of gold per 
gram of intestines... 
Milligrams of gold per 
gram of body........ 


130 
60% 


13.34 

40.82 
9.527 

26.13 
0.447 
0.127 
0.071 
0.12 
0.053 
0.45 
0.26 
0.069 
4.08 
0.0212 
0.0916 
0.0105 
0.0263 
0.0246 
0.009 
0.006 
0.027 


0.0075 


218.6} 101.7 
35% | 95% 


150.67 
17.55 
16.4 
59.48 

0.69 
0.109 


0.168 


0.0247 


0.013 


161.5 
95% 


155.5 |161.5 
95% | 95% 


210.95 


0.72 


0.98 
0.083 
0.105 
0.09 


0.02 


0.465 


0.265 
0.045 
0.12 
0.03 


0.09 


0.007 
0.011 
0.0085 
0.007 


0.027 
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was delicate enough to determine the small amounts to be found in 
the tissues of these animals, a method was developed by my assistant, 
Mr. Cadwell, which will soon be published by him in detail. In brief, 
however, the method is as follows: The tissue is digested with concen- 
trated sulphuric and nitric acids, the acid evaporated down to about 1 
cc. and the residue treated with aqua regia to insure the oxidation of 
the gold. The free chlorine is removed with ammonia, which is neutral- 
ized with hydrochloric acid. It is then filtered through asbestos and 
treated with ammonia and hydrochloric acid again to slight acidity. 
Phosphoric acid and disodium phosphate are added and the solution 
made up to 40 cc. and electrolyzed at 60° and with a voltage of 1 to 
1.2 volts. 

By repeated analyses of gold cantharidin animals, it was determined 
that an average of from 40 to 50 per cent of the gold was excreted in 
the urine and feces in one week after injection, the percentage being 
about the same when the urine and feces were saved for two months 
and analyzed. The largest amount was usually excreted on the third 
and fourth days after injection and usually rather more in the urine 
than in the feces. The amount found in the organs varied in the tu- 
berculous animals from 3 to 14 per cent and in the non-tuberculous, 
from 6 to 14 per cent. The remainder of the gold, averaging about 26 
per cent was found distributed through the rest of the body. The gold 
potassium cyanide animals showed a slightly different distribution. 
They excreted on an average only 17.55 per cent while 16 per cent was 
found in the organs and about 59 per cent in the rest of the body. Of 
the organs, the spleen usually contained more gold than any other 
organ in proportion to its weight; the liver, kidneys, lymph glands 
and the skin around the point of injection came next and contained 
about the same amount per gram weight of tissue, while the lungs, the 
intestines and the rest of the body were much alike and contained the 
least per gram of tissue. This distribution of gold is noteworthy, 
inasmuch as copper, mercury and other metals, so far as published 
analyses indicate, have shown a marked predilection for the liver, while 
the spleen contained very little, if any. 

The points of greatest interest in these analyses are: first, that there 
is a very wide distribution of the gold in the body, only the brain con- 
taining none, while the blood and heart have practically none, except 
shortly after intracardiac injection; and secondly, that there is no 
marked, difference between the tuberculous and the non-tuberculous 
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animals. In the cases in which a difference could be noted, the tuber- 
culous organs contained less gold than the normal organs. Certainly 
it can be said that gold has shown no specific affinity for tuberculous 
tissues. 

Furthermore even the smaller amounts found in liver, spleen and 
lungs and other sites favored by tubercles give many times the concen- 
tration necessary in the test tube to prevent the growth of the tubercle 
bacillus. Why then do tubercles grow luxuriantly in organs contain- 
ing such an amount of gold? Several possibilities present themselves 
as an explanation for this seeming anomaly: 1 The gold may be so 
combined with the proteins of the cells or be in such an inert colloidal 
form in the cells as to be powerless to act on the tubercle bacillus; 2 
The bacilli may be so protected from its action by their position in the 
cells or by their membrane that the gold has no power to act upon 
them. 3 The bacilli may have acquired such a tolerance for gold by the 
long time of their exposure to it as to be unaffected by it. Whatever 
the explanation, these facts seem to make it very improbable that any 
gold preparation yet used can be efficient against the invasion of the 
tubercle bacillus either in man or in animals. Furthermore the tendency 
to haemorrhages following the administration of gold and the fact: that 
it frequently hastens the progress of the disease makes its use by no means 
free from danger. For all these reasons, it would seem the part of 
prudence to abstain from using gold preparations in our tuberculous 


patients. 
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Heteroplastic Bone and Bone-marrow 

Formation Associated with Tuber- 

culosis in the Adrenal.—Aberrant islands 

of bone are not uncommonly met with in 

a great variety of organs and tissues. The 

, frequency of meeting with heteroplastic 
bone is in direct proportion to the oppor- 
tunity of microscopically analyzing tissues 
which are too frequently superficially 
diagnosed by the naked eye. In the 
fibrosed tonsils of elderly individuals bone 
and cartilage are commonly seen in the 
thickened capsule. Similarly, bony islands 
are frequent in the calcified media of the 
peripheral arteries. Osteoid and _ true 
osseous tissue are also encountered in the 
ovary, lung, and lymph glands. In the 
latter tissues the bony deposit is closely 
associated with the calcareous masses aris- 
ing in advanced tuberculosis. Woolley ob- 
served heteroplastic bone in the adrenal 
with chronic tuberculosis. The specimen 
was obtained from a man, aged forty-two 
years, suffering from widespread tuberculosis 
which had also attacked theadrenal. The 
old lesion was situated in the medulla 
while more recent tubercles were present in 
the cortex. The bony mass in the medulla 
was well developed and contained a myeloid 
tissue within which there were several 
miliary tubercles. The author believed 
that the bone had developed in association 
with a chronic tuberculous focus about 
which a secondary metaplasia of the con- 
nective tissue was stimulated by the in- 
fectious necrosis. The presence of bone in 
the adrenal is quite unusual but the manner 
of its development is probably similar to 
that observed in other tuberculous areas. 
— Heteroplastic Bone and Bone-marrow 
Associated with Tuberculosis in the Adrenal, 
Woolley, J. Lab. and Clin. M. 1916, i, 502. 


Diagnosis of Tuberculous Meningitis. 
—The diagnosis of tuberculous meningitis 
by the focal reaction of tuberculin, is simple 
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It will be the eventual purpose of the Review thoroughly to canvass all literature on 
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but specific in nature, and is made as follows: 
After taking out a certain quantity of cere- 
brospinal fluid by lumbar puncture for 
cytologic examination, an intradural in- 
jection of diluted tuberculin (Koch’s old 
tuberculin) is made. After six, twelve or 
twenty-four hours cytologic examination is 
again made of the fluid, which is obtained 
by lumbar puncture, and a comparison is 
made of the cell count before and after the 
intradural injection. The dose of tuber- 
culin injected into the spinal canal is from 
0.01 to 0.002 mg., with which a satisfactory 
result can be obtained. In the preparation 
of the tuberculin it is well to dilute it with 
physiologic salt solution (from 0.5 to 1 cc.). 
Among specific reactions, the most con- 
spicuous thing is an increase in the cell 
count of the cerebrospinal fluid, especially 
that of the red cells.—Specific Diagnosis 
of Tuberculous Meningitis. M. Kasahara, 
-™; J. Dis. Child., February, 1917, xiii, 
no. 2. 


Tuberculosis, Mental Disease and 
Mental Deficiency.—Four questions were 
propounded to leading specialists and 
directors of institutions for the treatment 
of mental diseases: (1) Have you ever 
found tuberculosis to be the cause of the 
pathological state of the patient’s mind? 
Forty answered ‘‘No”; ten, “Yes”; thir- 
teen, “rarely”; and nine qualified their 
answers as follows: “not alone”; “not more 
than any other debilitating disease”; and 
“only when meninges are involved.” Dr. 
McSweeney, of Sea View, said: Tuberculosis 
as a cause of insanity, or as showing among 
its victims any peculiar mental defect, is 
without foundation. On the other hand 
tuberculosis ought to be extremely common 
among the insane. (2) Has tuberculosis 
been aggravated because of the mental 
status of patient? Fourteen answered “Yes”; 
ten, “No”; and 21 answered “Only when 
prophylactic and therapeutic measures 


¥ 
| 
| 
| 
\ 
t 
4 
} 
= 
; 
| 
‘ 
+ 
> 
ie 
P 
| 
\ 
= 


432 


could not be carried out because of mental 
status.” (3) Have you any suggestion to 
make as to prevention and treatment of 
tuberculosis in the mentally deficient and 
insane? Much has been done in recent 
times and much yet remains to be done. 
(4) Have you any statistics on this topic? 
From statistics furnished, it appears that 
about 10 per cent of deaths in institutions 
are due to tuberculosis. Regarding fre- 
quency of tuberculosis among mentally 
defective opinions vary. The figures of 
Dr. W. Barr give for New Jersey, 15.9 
per cent of deaths from tuberculosis; for 
New York, 35 per cent; for Pennsylvania, 
28.5 per cent. 

It seems to be evident that in a large 
number of cases of mental defectives the 
child was the offspring of tuberculous par- 
ents at the time when both father and 
mother were acutely ill. It is then the 
sacred duty of the physician to teach tuber- 
culous patients not to procreate while 
actively afflicted with the disease. If the 
parents are at the same time feeble-minded 
they should be segregated. For the pur- 
pose of prophylaxis, where correct hy- 
gienic habits cannot be enforced owing to 
the mental condition of the tuberculous 
patient, Frankel’s mask can be attached to 
the patient’s face with a mixture of eucalyp- 
tus, menthol and spirits of chloroform 
poured upon the piece of gauze. Author- 
ities do not agree that there is a change in 
the mental condition of tuberculous indi- 
viduals.—Js There Any Relation Between 
Tuberculosis, Mental Disease and Mental De- 
ficiency? S. Adolphus Knopf, Med. Rec., 
January 6, 1917, xci, no. 1. 


Autoserotherapy in Tuberculous 
Meningitis.—Tilli reinjected subcutane- 
ously the cerebrospinal fluid, obtained by 
lumbar puncture, in three cases of tuber- 
culous meningitis in children three months, 
eighteen months and eight years old. In 
the youngest child the disease subsided 
and there was an interval of health, but 
the meningitis returned ten months later 
and proved fatal. The eight year old child 
recovered and has had no return of the 
trouble during the three years to date, but 
the meningitis had entailed blindness and 
the head is much enlarged. The other 
child recovered completely under the sub- 
cutaneous injections of 1, 2 or 3 cc. of the 
lumbar fluid, injected every third day, 
with tonics and massage. In a month the 
child had improved so it could be taken 
into the country and the cure was soon 
complete and has been permanent during 
the two years to date, with no sequels. 
This was the only case in which no bacte- 
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riologic tests were made.—Autoserotherapy 
of Tuberculous Meningitis. (Meningite tuber- 
colare. Tentativi di cura con reinieziont 
sottocute del liquido cefalo-rachidiano del pa- 
ziente.) P. TilliPoliclin. November 19, 1916, 
xxiti, no. 47. 


Vaccine Diagnosis and Therapy of 
Tuberculosis.—Viton gives minute doses 
of tuberculin as a means of differentiating 
the cause of symptoms in puzzling cases. 
If tuberculosis is responsible for the symp- 
toms, a pronounced change for the better 
is manifest even under these minute doses, 
and the tuberculin treatment can then be 
continued and amplified. He<calls this 
the diagnostic-therapeutic tuberculin test, 
and extols its advantages over the tuber- 
culin skin and other local tests. There 
are no contraindications or by-effects 
from these minute doses, while the favorable 
modification under them is often remark- 
able. He uses a ten-millionth or fifty- 
millionth solution of the tuberculin, usually 
taking 1 cc. of ten-millionth solution and 
diluting it in 4.5 cc. of sterilized water with 
a little of a 0.25 per cent solution of phenol. 
Injecting 4 cc. of one of these solutions, 
he watches the temperature, the weight and 
the general and special phenomena. If no 
change is apparent, he repeats the injection 
the sixth or seventh day, increasing the 
dose by twentieths of a cubic centimeter, 
and continuing this at intervals of six or 
more days up to fifteen days. With im- 
provement under the tuberculin, confirm- 
ing the specific nature of the trouble, the 
tuberculin is then continued as a thera- 
peutic measure. These minute doses do 
not induce any reaction but they gently 
and insinuatingly start the production of 
antibodies. This method has not only 
revealed tuberculosis in many puzzling 
cases, but has resulted in its cure, and he 
commends it con verdadero entusiasmo.— 
Tuberculin Therapy Applied in Diagnosis 
of Tuberculosis. (La prueba diagnostico- 
terapeutica a la tubercujina. Nuevo metodo 
vacunoterapico aplicado al diagnostico.) J. 
J. Viton, Semana Medica, Buenos Aires, 
xxiit, 1916, no. 47. 


Tuberculin in Advanced Tuber- 
culosis.—Davidson’s experience has been 
that tuberculin has done good even in 
cases of fairly advanced phthisis, though 
the number of cases treated has not been 
sufficient to make the evidence conclusive. 
He does not claim to have cured any patient 
with it; but he has treated about fifty 
patients, specially selected, but all with ad- 
vanced lesions. These patients put on 
weight, their general health improved, im- 
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munity was brought about from toxemic 
symptoms, cough became very slight and 
the sputum scanty, and in some cases both 
entirely disappeared. The lesion in the 
lungs was not so marked, in several cases 
the local signs had practically disappeared, 
and the patients were dismissed very much 
improved. 

New tuberculin B. E. was found to give 
the most satisfactory results. The initial 
dose was 0.3 cc. of a dilution of one in a 
million, and a dose was administered bi- 
weekly unless there was some contraindi- 
cation, each subsequent dose being increased 
by 0.3 cc. Whenever the dose exceeded 1 
cc. a dilution of the fluid ten times less 
(one in 100,000) was used. For example, 
the first four doses would be 0.3 cc., 0.6 
cc., 0.9 cc. of a dilution of one in a million, 
the next dose, instead of being 1.2 cc. of 
the same dilution, would be 0.2 cc. of a 
dilution of one in 100,000, and so on, until 
the undiluted tuberculin was given, when 
the increase of the dose each time was 0.1 
cc. The treatment lasted for about three 
months, and came to a conclusion after 
1 cc. of pure tuberculin was given. But it 
is evident that the treatment should be 
kept up for a longer period, since many 
cases which had improved under its in- 
fluence, and had kept well for some time 
afterward, tended to get worse again when 
away from the influence of the tuberculin.— 
Advanced Pulmonary Tuberculosis, W. T. 
= Davidson, Glasgow Med. Jour., December, 
1916. 


Tuberculin.—The cases of tuberculosis 
which give most beautiful results are those 
with cough, emaciation, low blood pressure 
and only slight evening fever. In these 
the improvement is prompt and remarkable. 
Any one who tries to cure bed-ridden cases 
or acute, rapidly progressing cases, with 
tuberculin will likely bring disaster to a 
trusting patient and disrespect upon a 
wonderful remedy. Ninety per cent of 
patients with tuberculosis who have been 
under treatment for one year or until dis- 
charge have had their disease cured or 
arrested.— Tuberculin, Some Personal Ex- 
perience, W. O. Wilkes, Texas M.J., March 
1917, xxxii, no. 9, p. 396. 


Combined Tuberculin Therapy.—The 
method consists of the simultaneous ad- 
ministration of three different tuberculins, 
O. T., B. E., and B. F. Altogether, 96 
cases have been treated to date. Of these, 
21 had tuberculosis of glands, 9 of bone, 
and 62 of the lungs. The majority were 
ambulant clinic cases. They are first 
tested as to their sensitiveness for each of 
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the three different preparations and an 
initial dose of each selected which is one- 
tenth the dose producing a reaction. All 
reactions are to be avoided. A comparison 
of this method with any of the same three 
tuberculins given separately, shows much 
better results for the combined method. 
The treatment ‘s followed by gain in weight, 
cessation of hemotysis, disappearance of 
fever and bacilli from the sputum. All 
patients worked while under treatment and 
continue to do so. There is marked dim- 
inution or disappearance of cough, of ex- 
pectoration and of night sweats. The red 
blood-cells increased about 300,000, rales 
disappeared or diminished, breathing be- 
came almost normal and there was no more 
shortness of breath. The pulse, appetite 
and sleep improved remarkably—A Modi- 
fied Method in Tuberculin Therapy, Wil- 
liam Meyer, Med. Rec., January 27, 1917, 
xei, no. 4. 


Tuberculin Actions and Reactions.— 
The action of all the tuberculin prepara- 
tions is the same and depends upon the 
specific protein of the tubercle bacillus. 
Practically speaking, a tuberculin reaction 
indicates the presence of tuberculous in- 
fection, but not necessarily the presence of 
tuberculous disease. A positive test must 
not be taken as an indication of active 
tuberculous disease. A positive cutaneous 
test decreases in value in proportion with 
the age up to adult life—it is of greatest 
value during the first year of life, and least 
in adult life. A negative test excludes the 
presence of an active tuberculous lesion. 
An intense reaction shows a fresh invasion, 
a mild one an old quiescent process. 

Regarding tuberculin therapy it may be 
said that a progressive regular dosage with 
control of the tolerance of the patient is 
the key to successful tuberculin therapy. 
Occasional moderate focal or systemic re-- 
actions are not bad. Violent systemic 
reactions are to be avoided. Tuberculin 
therapy is contraindicated in those already 
overloaded with toxins, or showing a per- 
sonal idiosyncrasy. It is impossible to 
foretell effect or duration of the treatment. 
Each case is a class by itself. Broadly 
speaking, several months are required. The 
best results are obtained in the proper case, 
by the proper man, in the proper dosage, 
for the proper length of time.— Tuberculin 
Actions and Reactions, P. H. Ringer. Med. 
Rec., February 10, 1917, xci, no. 6. 


Artificial Pneumopericardium.—Weil 
and Loiseleur do not refer to the analogy 
of artificial pneumothorax in the treatment 
of pulmonary tuberculosis but to that of 
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the treatment of ordinary pleurisy with 
effusion in which air is injected into the 
pleural cavity after withdrawal of the fluid. 
They have recently tested this procedure 
in a case of tuberculous pericarditis with 
extensive effusion. The patient was a large 
boy of fourteen years who was originally 
attacked with an infection termed influenza 
with bronchopneumonia and cardiac weak- 
ness (probably a then unrecognized pericar- 
ditis). The then diagnosis was, however, 
embryocardia, with secondary edema, cya- 
nosis ofthe extremities, enlarged liver and 
ascites. The abdomen was tapped without 
avail and the child, believed to be dying, was 
sent home. When the author saw him later 
he was orthopneic and cyanotic, breathing 
40 times a minute. The greatly enlarged 
abdomen formed a marked contrast with 
the emaciated frame. Not only ascites 
but a greatly enlarged liver was present. 
It reached downward to the lesser pelvis, 
was hard and uneven. There was the 
sputum of edema of the lungs. The pleural 
cavities were free, while the area of cardiac 
dullness was greatly increased. Heart 
sounds audible over base and about equal; 
no murmurs. Pulse 160, irregular, weak. 
Paracentesis of the pericardium led to 
evacuation of a small quantity of fluid 
only, suggesting sacculation. A _ second 
puncture at a different point brought away 
a quart of bloody fluid. After an interval 
during which patient was treated only 
with diet and heliotherapy, the pericardial 
sac refilled. A second tapping brought 
away 900 cc. of purulent fluid. There 
were now injected 500 cc. of air, and as a 
result of the treatment the patient was in 
all respects improved. A third tapping 
one week later brought away 300 cc. of 
clear serosanguineous fluid, and 300 cc. of 
air were allowed to enter. The pericardial 
sac continued to refill and further tappings 
were practiced until the process seemed 
almost arrested. But such a favorable 
course was checked by reappearance of 
the transudate, so that treatment had to 
be begun anew. This sequence occurred 
more than once, and it became evident 
that mere tapping and injection of air 
was only palliative treatment, save for 
the fact that distension of the sac with air 
should tend to prevent pericardial sym- 
physis. The remainder of the paper is 
devoted to technique, study of radiograms, 
etc.—L’insuffation d’air dans la perocardite 
tuberculeuse avec épanchement. Pneumo- 
pericarde, et hydro-pneumocarde artificiels, 
Weile Loiseleur, Presse Med. December 28, 
1916. 


Artificial Pneumothorax. — Case 1. 
Male, 40, moderate temperature and cough, 
scanty expectoration, recurrent hemor- 
rhages for several weeks; left apex involved 
to third rib, right apex involved to fourth 
rib. Gradual compression of right Jung 
for twelve months still maintained. No 
hemorrhage since treatment was begun, 
temperature disappeared early in treatment, 
no expectoration and only occassional 
slight cough. Marked improvement in 
left apex, and patient has been doing light 
work for three months. 

Case II. Male, 20, tuberculous family; 
extensive involvement of right lung to 
fourth interspace, cavities; consolidation of 
left apex to second interspace, frequent 
cough, free expectoration, daily temperature 
103, pleurisy on right side, loss of flesh and 
strength. Compression of right lung for 
fourteen months. Patient resumed light 
work, weight rose to above normal, general 
condition good; apex of left lung has cleared 
up; right lung has resumed function. 

An analysis of 1145 cases treated by 25 
American observers shows: 


per cent 
Quiescent, arrested and cured .......... 22 
Improved, but mostly palliative ........ 29 


Our aim is to give the badly diseased 
lung absolute rest if possible and it is 
evident that the other lung must be in a 
condition to perform its function well, 
though it is not necessary that its integrity 
bé intact. Failure of progressive cases to 
respond to the usual methods of treatment 
should be the indication for compression, 
regardless of stage of the disease. Com- 
co is always indicated in dangerous 

emorrhage, and particularly in the re- 
current type. The dangers are those of 
gas embolism, pleural shock and infection. 
Pleural effusion is a complication occurring 
later, and comes on in about fifty per cent 
of cases. The treatment is conservative as 
the effusion is sometimes beneficial.— 
Artificial Pneumothorax in the Treatment of 
Pulmonary Tuberculosis, W. C. Farmer, 
Texas State J. M., December, 1916. 


Artificial Pneumothorax.—Girl, eight- 
een years, admitted to Sea View Hospital 
February 13, 1914. Has had active tuber- 
culosis for one year, was treated in sana- 
torium without improvemen‘. She had 
lost about 30 pounds in weight; the clinical 
picture was that of a rapidly retrograding 
case with a practically hopeless prognosis. 
The physical signs showed a diffuse in- 
filtration of the entire left lung and of the 
upper part of the right lung. There were 
100 tubercle bacilli to the microscopic . 
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field, the temperature varied between 100° 
and 103° F., the pulse between 110 and 130 
and the respiration 24 to 30. Left pneu- 
mothorax was induced on February 21 
with 550 cc. nitrogen gas, and repeated 
four times during the first two months. 
The temperature then came down prac- 
tically to normal, cough and expectoration 
stopped almost entirely, and the night- 
sweats and chest pain disappeared. The 
injections were continued till March 20, 
1915 (thirteen months), when the patient 
left the bed for the first time. The sputum 
became free from bacilli and has remained 
so since. She left the hospital December 
26, 1915. At present (April, 1916), she 
feels practically well, has gained 31 pounds 
in weight, the temperature, pulse and res- 
piration are normal. There are no physical 
signs of disease on the right; the left side is 
dull, with bronchial breathing at the apex 
and upper lobe and a few friction rubs.— 
Report of a case of Pulmonary Tuberculosis 
Treated by Artificial Pneumothorax. B. S. 
Horowicz, Hosp. Bull. Dept. Pub. Char., N. 
Y. City, January, 1917, i, no. 2, 31. 


Partial Compression by Artifical 
Pneumothorax.—The clinical symptoms 
disappear in most cases as readily in partial 
collapse as in complete collapse; the patient’s 
general condition improves just as promptly; 
the sputum is reduced in quantity just as 
surely, but not so quickly; the activity of 
the lung is greatly limited, so as to be ap- 
preciably immobilized, without rendering it 
unfit for the performance of its function at a 
futuretime. Thedisadvantages of partial col- 
lapse are: (1) Refills are necessarily more fre- 
quent. (2) The patients must be studied and 
examined very closely, both by physicalexam- 
ination and the fluoroscope in order to deter- 
mine the timeforrefills. (3) The frequency of 
the refills requires only that one be careful 
of his technic, as the more often the pleura 


is entered the more liability there is to — 


infection, air embolism, and pleura] shock. 
The advantages are: (1) The results are the 
same clinically. (2) Partial collapse may be 
used alternately in either lung, or at the 
same time in both lungs, if the case so 
demands. (3) There is less tendency to 
pleural effusions. (4) There is very little 
strain thrown upon the right heart. (5) 
There is no disturbance of the mediastinum. 
(6) There is less danger of spontaneous 
pneumothorax. (7) There is less danger of 


rupturing an abscess into the pleural cavity. 
(8) When the disease is arrested, we have 
the unaffected portion of the lung perform- 
ing its functions.—Artificial Pneumothorax. 
A Plea for Partial Compression. C. M. 
Hendricks, South. M.J., February, 1917. 
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Ambulatory Treatment.—Economically 
considered the tuberculous may be divided 
into two great classes, the independent and the 
dependent. Inasmuch as the greater num- 
ber of the dependent were at some time inde- 
pendent it is clear that means should be de- 
vised to prevent this retrogression. Treat- 
ment of tuberculous wage earners without 
interruption of work is of fundamental impor- 
tance. Ambulant cases should be treated in 
special neighborhood dispensaries, and the 
work of sanatoria should be restricted to 
the care of patients with exacerbation, or 
with continuous fever, or any complication 
which necessitates rest. As soon as the 
complications are relieved the patients are 
returned to the dispensary. Treating the 
patients without stopping their work would 
go far toward making all incipient cases 
available for treatment, would attract the 
interest of employers and would enlist their 
coéperation in arranging routine examina- 
tion of employees and the discovery and 
relief of early cases. For eighteen years 
this plan has been followed: in New York 
City at the writer’s rooms and the results 
obtained show that such dispensaries are 
practical, efficient, and very economical. 
The advantages of this plan over the sana- 
torium are: an unlimited time for treatment, 
an opportunity for all wage earners, for all 
advanced ambulant cases to be treated, 
the small expense of the plant, the ability 
of patients to support themselves and the 
large ultimate percentage of apparent arrest 
of the disease.—Cost of Treating Pulmonary 
Tuberculosis, with Special Reference to Wage 
Earners and Communities, J. F. Russel, 
Med. Rec., January 20, 1917, xci, no. 3. 


Chemotherapy in Tuberculosis.— 
Certain substances possess far greater 
affinities for the tubercle bacillus in vitro 
than for other pathogenic organisms, and 
in this sense are specific disinfectants. 
They did not prove destructive to the organ- 
isms in experimentally infected animals ow- 
ing to causes which prevented their access to 
the bacilli in the bodies of the animals, or 
at least access in sufficient amounts to prove 
destructive or inhibitory to their growth. 

Another group of substances has proven 
to be inactive in vitro, yet is active as a 
disinfectant or inhibitory agent when ad- 
ministered to infected animals. This is 
probably due to an alteration in the sub- 
stance after introduction into the living 
animal. 

Still a third group of substances has 
been found, possessed both of active in- 
hibitory or disinfectant properties toward 
tubercle bacilli, and of distribution coef- 
ficients in the animal body which permit 
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their reaching the bacillary foci in effective 


amounts. 

In spite of the prevalent impression that 
tubercles are relatively impermeable to the 
usual materials, certain vital stains per- 
meated them with ease. Thus, isamine 
blue stained all the outer layers, while 
trypan red penetrated to the very interior 
of the tubercle. The problem now consists 
of finding substances which allow of such 
chemical modifications or additions as to 
enable them to retain their penetrating 

wer and at the same time to kill or in- 

ibit the tubercle bacillus. Certain com- 

unds of creosote contain these properties 
in good measure and seem to prolong the 
lives of infected animals. In this respect 
they are not superior to other chemother- 
apeutic agents.—Chemotherapy in Tuber- 
culosis, P. A. Lewis, Harvey Society Lecture, 
November 25, 1916. 


Experimental Chemotherapy.—Fol- 
owing the observation that the tuberculous 
tissue in the living animal was easily pene- 
trated by trypan red, many other dyes of 
the same general class, chemically speaking, 
were tested by Lewis for their reaction in 
this particular. A considerable number 
were found which could become concen- 
trated in the diseased tissue to a greater or 
less extent. Many of these had never been 
accurately described from a chemical point 
of view; others presented difficulties in 
manufacture. After much consideration, 
a dye known to: the trade as Niagara blue 
2B was chosen as the starting point of a 
second attempt to construct a series of iodin 
and phenol compounds. The disinfectant 
action of various substances for the tubercle 
bacillus has also been studied. The pro- 
cedure by which the results were obtained 
was to determine the least concentration of 
the substance in glycerin bouillon which 
would definitely inhibit the growth of the 
tubercle bacillus. For comparison, the ty- 
phoid bacillus was used. It was found that 
the typhoid bacillus is much more resistant 
than the tubercle bacillus; in other words, 
the susceptibility of the latter is greater. 

The results were as follows: Phenol: Ty- 

hoid 1/800 (concentration) = tubercle 
beriilus 1/2000, or the susceptibility of the 
tubercle bacillus = 23. Resorcin: Typhoid 
1/4000 = tubercle bacillus 1/100,000 or 
susceptibility of tubercle bacillus = 25. 
Benzidin and Resorcin combination: Ty- 
phoid 1/400 = tubercle bacillus 1/100,- 
000 or susceptibility of tubercle bacillus = 
250. Acridin orange: Typhoid 1/4,000 = 
tubercle bacillus 1/400,000 or susceptibility 


of tubercle bacillus = 100. Heliotrope: 


Typhoid 1/1000 = tubercle bacillus 1/400,- 


000 or susceptibility of tubercle bacillus = 
400. Of the anilin dyes specific activity 
is manifested quite generally by those re- 
lated to safranin and to acridin, and in 
greater or less degree by many of the azo- 
dyes made with benzidin as the basic con- 
stituent. On the whole, the number of 
substances showing this property is large 
rather than small. Although in the studies 
previously made with other bacteria, the 
concentration required to inhibit the growth 
of the culture is roughly proportional to the 
higher concentration required to kill the 
microérganism in a short period of time, 
with the tubercle bacillus this is not the case. 
So far no substance has been discovered by 
which the tubercle bacillus is killed more 
readily than is the typhoid bacillus. The 
ability to.inhibit the growth of the tubercle 
bacillus in cultures is not dependent on 
high disinfectant activity in general. It is 
an attribute of a number of substances 
which are relatively nontoxic for higher 
animals.—Observations Bearing on the Possi- 
bility of Developing an Experimental Chemo- 
therapy of Tuberculosis. P. A. Lewis, Johns 
mmr Hosp. Bull., March 1917, xxviii, 
no. 313. 


Taurin in Treatment of Experimental 
Tuberculosis.—Facts suggesting some re- 
lation between constituents of the bile 
and a resistance to infection with the tu- 
bercle bacillus, led Takeoka to incorporate 
the most characteristic amino-acid of the 
bile, taurin, in a combination treatment 
with a colloidal mixture of sodium gold 
chlorid and sodium oleate in-experimental 
tuberculosis in guinea-pigs and rabbits. 
Apparently as favorable results were ob- 
tained with taurin alone as with taurin 
combined with sodium gold chlorid and 
sodium oleate. Guinea-pigs were infected 
with either bovine or human strains of tu- 
bercle bacilli. ‘The results were similar with 
both. In nearly every instance the controls 
all died before any of the treated animals, 
and whereas the controls lost weight almost 
uniformly, the treated animals gained. 
The contrast in the extent of visible tuber- 
culosis between controls and treated ani- 


‘mals was marked. Whereas the process was 


advanced in the controls, it was arrested 
and in some instances apparently cured in 
the treated animals. The success of the 
treatment varied naturally in accordance 
with the variations in infecting dose, the 
route of inoculation, and the time of begin- 
ning treatment. The processof the disease 
was arrested and apparently cured when 
treatment was begun as late as three weeks 
after infection — Treatment of Experimental 
Tuberculosis in Guinea-Pigs and Rabbits by 
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Taurin, Alone and in Combination with 
Gold Chlorid and Sodium Oleate. M. Take- 
oka, J. Infect. Dis., April, 1917. 


Cyanocuprol.—The author reports on 
118 cases of tuberculosis treated with 
cyanocuprol from April, 1915, to March, 1916, 
at the Institute for Infectious Diseases, 
Tokyo, Japan. He furnishes a detailed 
description, giving tables to show the effect 
of the drug on body weight, temperature, 
the dull area, rales, quantity of sputum, 
bacilli in sputum, and reactions. The 
determination of the dose is dwelt on at 
length. Each organ reacts differently and 
smaller doses must be administered when 
the more sensitive organs are affected. 
The affected organs can be arranged in 
the following order according to their sensi- 
tiveness: meninges, pericardium, kidneys, 
larynx, pleura, peritoneum and intestines, 
bladder and urethra, lungs, testicles, joints 
and other surgical lesions. The following 
conclusions are reached: (1) Cyanocuprol 
has been shown to be effective in cases of 
tuberculosis of varying degrees of severity. 
Of 22 patients that seemed to be hopeless 
and had been treated with al] known meth- 
ods, 8 showed marked improvement. (2) 
The size of the dose seems to be closely 
related to the symptoms and the reactions. 
During the first period, when larger doses 
were applied, less beneficial results were 
obtained than during the second period, 
when the size of the dose was considerably 
decreased. (3) Cyanocuprol is effective in 
cases with fever, malnutrition, induration, 
and catarrhal condition of the lesion. In 
pulmonary tuberculosis the dull area and 
rales usually decrease, and the number of 
bacilli in the sputum is diminished. A 
sufficient number of other forms has not 
been studied yet, to permit any conclusions 
to be drawn. (4) Injection of cyanocuprol 
sometimes causes general or lesional reac- 
tions in tuberculous patients. Febrile 
reactions were observed in 14.6 per cent, 
and lesional in 25.6 per cent, based on the 
number of injections. These reactions were 
slight and transient. More severe reactions 
were produced in only 0.4 per cent of the 
cases.— The Treatment of Tuberculosis with 
Cyanocuprol, Morisuke Otani, N. York M. 
J., March 24, 1917, cv, no. 12, 537. 


Calot Treatment.—Two liquids are 
employed for injection into the abscesses. 
Number one consists of: oil 70; creosote 5; 
ether 30; guaiacol 1; and iodoform 10 
grammes. Boil the oil for one-half hour, 
cool and add the creosote, guaiacol and 
iodoform, and lastly the ether. This is 


kept in a sterile flask. Liquid number 2 
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consists of: naphthol camphor 2; elycerine 
12 grammes. This is to be shaken and in- 
jected immediately as it is very unstable. 
It is used in cases where the abscess is not 
yet ripe, or where it contains clots which block 
the needle. In that case two or three injec- 
tions of naphthol camphor will soften and 
dissolve the clots, after which we return to 
fluid number one. The needle used is a 
number three; a larger size may result in 
the formation of a fistula. The treatment 
is given as soon as the diagnosis is made 
without waiting for the skin to become 
thinned and reddened. Absolute asepsis is 
to be observed. The puncture is made 
obliquely through healthy skin into the 
abscess cavity, the aspirator attached to 
the needle, and the contents entirely re- 
moved. The aspirator is replaced by a 
syringe containing the modifying liquid, 
and the cavity injected with from one half 
to one third of the quantity of pus removed. 
The treatment is repeated every ten days 
for from seven to eight times. At the 
last sitting the contents of the abscess 
cavity are withdrawn without injection and 
the cavity is compressed by means of firm 
pads of cotton wool retained in position by 
a firm bandage. After 15 to 20 days the 
dressing is discontinued. The results ob- 
tained by this method at the Metropolitan 
Hospital (N. Y. City) have been extremely 
gratifying. None of the abscesses broke 
down, provided the treatment was started 
before the skin was invaded. The method 
is now used routinely except in deep iliac 
abscess where it is necessary to wait until] 
it becomes superficial — The Calot Treatment 
of Tubercular Abscesses, A. H. Bingham, 
Hosp. Bull. Dept. Pub. Char. N. Y. City, 
January 1917, 1, no. 2, 70. 


Phototherapy in Danish Sanatoriums. 
—Hansen reviews the work being done 
with arc lights and mercury vapor lamps in 
the various sanatoriums, including the one 
in his own charge. He soon abandoned the 
arc lamps as uncontrollable, and now works 
exclusively with the mercury vapor lamp. 
= general impression is favorable for 

— accessible lesions but not for 

ers.—Phototherapy in Danish Sanato- 
ce (Lysbehandling af Tuberkulose paa 
nogle jydske Sanatorier.) T. Begtrup- Hansen, 
Ugeskr. f. Laeger, November 23, 1916. 


Phototherapy.—Schmidt reports the re- 
sults of treatment of tuberculous patients 
at the Finsen Light Institute at Copenhagen. 
Finsen’s arrangement of carbon arc lights 
gives rays nearest in chemical action to the 
sun’s rays, and the results in thirty patients 
with pulmonary tuberculosis are recorded. 
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The exposures were at first only thirty 
minutes but were gradually lengthened to 
a total of two and a half hours daily. The 
patients reclined, the lamps at a distance 
of about 30 inches. The total exposures 
averaged about 500 hours. The results 
were less pronounced than with surgical 
tuberculosis. No influence on the fever 
or night sweats was apparent, nor on the 
expectoration or bacilli in the sputum. 
The patients rather enjoyed the experience, 
and this in itself is a gain. It is evident 
that much longer courses are necessary for 
decisive effects and that the indications for 
this treatment need further limitation. 
—Phototherapy of Pulmonary and Bone and 
Joint Tuberculosis. (Om forelpbige Resulftater 
af Lysbehandling ved Lungetuberkulose og 
kirurgisk Tuberkulose.), V. Schmidt, Ugeskr. 
f. Laeger, January 18, 1917, Ixxix, no. 3, 
138. 


Sunlight and Tuberculosis.—It is 
undoubtedly true that physicians do not 
pay deserved attention to sunlight as a 
therapeutic agent. Its disinfecting prop- 
erties and its vitalizing activity are theo- 
retically recognized, but advantage is not 
sufficiently taken of them in actual practice. 
With the increasing role assumed by sun- 
light in the treatment of tuberculosis, it is 
worth while for the general practitioner to 
take to heart the lesson-to be learned. In 
nonpulmonary tuberculosis particularly has 
heliotherapy won a richly deserved posi- 
tion as a powerful remedial agent. 

Among a number of communications 
recently on this topic is one of practical 
interest by C. F. Gardiner (Interstate Medi- 
cal Journal, July, 1916), describing the use 
of sunlight in Colorado, chiefly in the treat- 
ment of tuberculosis. He points out the 
advantage of a fairly high altitude such as 
5000 to 6000 feet, becavse the actinic rays 
are not absorbed by the denser and more 
humid air of lower elevations. A large 
proportion of clear sunny days is also a 
desideratum. Gardiner states that the 
heat rays serve their therapeutic function by 
bronzing the skin, in this process causing 
first a superficial congestion with definite 
nervous and circulatory reflexes which affect 
the metabolism and benefit the entire body. 
The white skin reflects the chemical or 
actinic rays, but after tanning or bronzing 
by the heat rays, the actinic rays are 
absorbed and have an additional beneficial 
effect on the tissues. It may be said that 
opinion differs as to how these various 
elements of sunlight act and the subject is 
a fertile field for investigation; but it is 
abundantly demonstrated that good clinical 
results are obtained. 


Gardiner believes that the brilliant results 
obtained by the use of sunlight in surgical 
tuberculosis should not obscure the possi- - 
bility of securing benefit also in pulmonary 
tuberculosis, although in the presence of 
fever especially the utmost caution is re- 
quisite. The cases must be selected, care- 
fully watched, and the régime long con- 
tinued and carefully graduated. He de- 
scribes cases of pulmonary tuberculosis 
which under such controlled conditions 
have experienced decided benefit. 

With the progress of exact therapeutic 
knowledge, sunlight is being found of in- 
creasing importance in medicine, and the sun 
is to be recognized not only as a tremendous 
source of potential physica] energy, but also 
as a tremendous potential source of health. 
The physician must make this potential 
source actual.—Editorial, N. York M. J., 
January, 1917, cv, no. 1. 


Heliotherapy—New Mexico presents 
the ideal climatic conditions for carrying out 
the treatment, and is superior, not only to 
the rest of America, but to Switzerland as 
well. Shortle has used it for almost five 
years chiefly in pulmonary cases. He feels 
that there is a certain analogy between the 
use of heliotherapy and treatment by tuber- 
culin. He cautions that with heliotherapy 
one must, with the pulmonary case, avoid 
too long exposures, watch the temperature 
and pulse closer than in the surgical types, 
continue the treatment over a longer period 
and altogether use the treatment much 
more cautiously than when treating other 
types of tuberculosis. Repress over-en- 
thusiasm in the patients and insist that they 
do not exceed the exposure prescribed, 
otherwise they are almost sure to take long 
exposures with the result that they will 
develop a fever anywhere from 100° to 103° 
F., together with increase in sputum, and 
for several days, at least, will suffer marked 
depression. One good resulting from the 
firm pigmented skin is a comparative free- 
dom from colds. This alone makes the 
treatment worth while. Many pulmonary 
cases make better progress after beginning 
solarization.— Heliotherapy in Treatment of 
Tuberculosis, A. G. Shortle, Southwest. Med., 
February 1917, i, no. 2. 


Heliotherapy in Bone and Joint 
Affections.—Of 51 cases receiving a modi- 
fied Rollier treatment, 30 had tuberculosis of 
bone or joint and the remaining 21 had 
some other affection. With the aid of ortho- 
pedic measures, the treatment is very effec- 
tive in both the white and black races if 
the individual undergoes deeper pigmenta- 
tion. It is especially satisfactory in tubercu- 


} 
| 
: 
fy 
j 
e 
2 
Al 
AY 
aii 
tf 
— 
. 
; J 
4 
j 
4 
j 
‘ 
eh 
/ 
| 


lous sinuses and abscesses. It is successful 
in other miscellaneous affections, especially 
in those of acute sepsis——Bone and Joint 
A ffections Treated by Heliotherapy with Special 
Reference to Tuberculosis, W. C. Campell, 
Am.J.Orthop. Surg., January, 1917, xv, no.1. 


Heliotherapy in Tuberculosis.—The 
J. N. Adam Memorial Hospital, a municipal 
institution of the city of Buffalo, is situated 
at Perrysburg, in a most ideal spot for 
carrying out heliotherapy. The elevation 
above sea level is 1650 feet; the mean rela- 
tive humidity for the year 1915-16 was at 
8 a.m. 77.1 per cent and at 8 p.m. 78.1 per 
cent. The mean temperature was 47° F. 
The highest was 88 and the lowest —4. 
There were 1729 hours of sunshine. The 
results obtained could not have been se- 
cured by any other method. Certain pre- 
cautions and great attention to detail are 
imperative to secure results and avoid 
causes for regret. During the first ten days 
the patient gradually becomes accustomed 
to the action of the air and sun and to the 
out of door life in general. He is kept in 
bed and rolled out on the open porch for 
about an hour the first day, and the time is 
increased daily while a chart is kept of his 
temperature, pulse, respiration, urine and 
blood findings. He is then ready for the 
solar bath which is never given later than 
one half hour before a noon meal or later 
than two hours afterwards. The treatment 
is carried out in bed, the feet are exposed 
first without regard to the site of the lesion. 
Sinuses and ulcers are exposed after the 
whole body has been gradually insolated. 
In cool weather care is taken that no breeze 
strikes the body. A towel is used to pro- 
tect the head and eyes. In summer no sun 
baths are taken during the hottest part of 
the day. After some time the patients are 
given air baths which usually last from ten 
to twenty minutes. In winter when the 
days are pleasant and the sun is not strong 
enough for baths, the children who can 
stand exercise are allowed to play naked in 
the open for as long as an hour, while during 
the summer they go about with only their 
bath trunks the whole day long. The skin of 
the patients seems to be very resistant to in- 
fection from abrasions; and it was found 
that these children are not subject to the 
winter infections of the respiratory tract. 
Chilling must not be allowed and expo- 
sure to wind must be prevented. The de- 
gree of pigmentation is taken as an index 
of cure. There is a rapid disappearance of 
pain, fever and chills, the appetite returns, 
there is gain in weight and strength and m- 
provement in the condition of the blood, 
namely, an increase in hemoglobin and red 
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cells, diminution in leucocytes, an actual 
lymphocytosis, and a slight eosinophilia. 
Motion in the affected joint is increased 
considerably. Here is where the difference 
is seen between the fixation treatment, 
where ankylosis is looked for, and this 
treatment. Besides, there is no atrophy in 
the affected limb. Ulcers, sinuses and ab- 
scesses are also very favorably affected. 
Nodes diminish in size and, where broken 
down, the material is often absorbed. 
Effusions into joints, peritoneum and 
pleural cavities are absorbed. Where drain- 
age of an abscess is absolutely indicated, 
aspiration is resorted to rather than incision. 
Ninety cases have been treated to date and 
150 are under treatment. Of the latter, 
120 are of the surgical type. A large pro- 
portion had pulmonary lesions. The aver- 
age stay for all cases was 8.4 months; 
while of those discharged as arrested or 
recovered, 13.5 months. Of those who 
remained three months or longer, 67 per 
cent were discharged apparently recovered 
or arrested. Of those who remained six 
months or longer, 77 per cent, and of those 
who remained over nine months, 82 per 
cent were so discharged. So far there has 
been no recurrence. The results were best ° 
in closed lesions and where there was only 
one lesion. The cases treated comprised: 
Adenitis, 48 cases, all apparently cured or 
arrested; Pott’s disease, 3 cases: one ap- 
parently recovered; hip-disease, 5 cases: 
3 recovered and 2 improved; tuberculosis 
of knee, 3 cases: one recovered and 2 im- 
proved; ankle, 3 cases: 2 arrested and one 
improved; shoulder, 3, stil] under treat- 
ment; wrist, 1 case improved; hands, 2: 
one recovered, one unimproved; osteomyelitis, 
4:2 recovered, 2 improved; peritonitis, 8:5 
apparently recovered, 2 improved and one 
unimproved; eye, 2 cases apparently cured; 
genito-urinary: one tuberculous kidney 
arrested.—The Rollier Treatment of Tuber- 
culosis, C. L. Hyde and H. Lo Grasso, N. 
York M. J., January 6, 1917, cv, no. 1. 


X-Ray Treatment of Tuberculous 
Peritonitis.—The author had the op- 
portunity of treating 11 cases of tuber- 
culous peritonitis with deep therapy during 
the past two years. The results were very 
satisfactory, the treatment proving un- 
successful in only one case. The average 
duration o° the treatment was from eight 
to twelve weeks. The area treated depends 
upon the strength of the individual patient. 
The dose is regulated by the gain in weight. 
—The X-Ray Treatment of Tuberculous 
Peritonitis, P. Eisen, Am. J. Roenigenol., 
January, 1917, iv, no. 1. 
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The Streptococcus in the Treatment 
of Tuberculosis.—Under absolute _ rest, 
fresh air, and increased nutrition many 
cases recover. After the stage of softening 
and excavation has been reached and or- 
ganisms other than the tubercle bacillus 
are found in the sputum, chiefly the strep- 
tococcus, tuberculosis is curable only with 
great difficulty. Elimination of the strep- 
tococcus has, therefore, seemed an im- 
portant feature of the treatment of the 
disease. Autoserotherapy was tried in a 
tuberculous woman of thirty years, with 
temperature ranging from 102° to 105° F. 
_ rate of 135, loss of weight from 125 to 

0 pounds, night-sweats, bedsores, and 
daily expectoration of a half pint of thick 
sputum. A piece of canthos plaster about 
one inch and a half square was covered 
with petrolatum or olive oil, carefully 
wiped off, and placed on the chest at bed- 
time. From the blister formed: by morning 
one cc. of serum was withdrawn with a 
hypodermic syringe and injected into the 
muscles of the arm or elsewhere. This 
procedure was repeated every 4 days, and 
soon improvement was noticed. After 
six months of the treatment the patient had 


‘gained more than 20 pounds, expectoration 


was reduced to 2 or 3 drams, and the tem- 
perature ranged from normal to 100° F., 
with a maximum of only 99° F. on days 
in which the patient remained quiet. At- 
tempts of discontinuance of the injections 
early in the treatment were soon followed by 
aggravation of the symptoms, and with 
noticeable improvement when the injec- 
tions were resumed. ‘Two years after the 
beginning of her symptoms, and about a 
year after the beginning of the treatment, 
the patient’s menstruation returned, she 
ate and slept well, and her weight was 
stationary. The sputum still showed tub- 
ercle bacilli. Autoserum injections were 
still being administered every week or ten 
days.— The Streptococcus as a Factor in the 
Treatment of Tuberculosis, K. M. Fer- 
guson, Virgin. Med. Semi-Monthly, Decem- 
ber 8, 1916. 


Comparative Gravity of Lesions in 
Right or Left Lung.—This communica- 
tion from Leysin is based on examination 
of 2000 cases. The writers had their 
attention attracted to this subject by 
noticing that in their cases of artificial] 
neumothorax, the left lung was the one 
involved in 61 per cent of one series of 
66 cases and in 77 per cent of another series 
of 31 cases. Study of 2000 cases of tuber- 
culosis under observation for from five 
months to several years, confirmed the 
peculiar gravity of left-sided lesions. There 


are various anatomic reasons for this, the 
smaller size of the left lung, the obtuse angle 
formed by the left bronchus and its smaller 
size, and the fact that the left lung has only 
two instead of three lobes. The fissures aid in 
checking the spread of a tuberculous focus. 
Roentgenoscopy often shows how the 
interlobar cleft seems to fence in the proc- 
ess. In the 2000 cases, all but 658 were 
men, Of the 516 cases in the first stage, 
142 were in the left lung and 374 in the 
right. Only 7.5 per cent of those in the 
left lung healed, while the total healed 
cases in the whole group was 83 per cent. 
Among the 1052 of the second: period, the 
left lung was affected in 472, and in this 
group 7 per cent have died; 14 per cent 
have grown worse; in 16 per cent the pro- 
cess is in a stationary phase; 53 per cent 
have improved and 11 per cent are clini- 
cally cured. In the 580 with the process 
in the right lung, only 3 per cent have died; 
6 per cent have grown worse, while 63 per 
cent have improved and 16 per cent are 
clinically cured. There was a cavity in 
the lung in 323 cases, including 205 in the 
left lung and 118 in the right. In this 
group, the left side cavities proved fatal in 
38 per cent; 31 per cent of the patients have 
grown worse and 20 per cent are in a sta- 
tionary condition. In the right cavity 
group, 27 per cent of the 118 cases have 
terminated fatally; 19 per cent have be- 
come aggravated; 15 per cent are stationary, 
32 per cent improved and 6 per cent are 
clinically cured.—Comparative Gravity of 
Location of Tuberculous Processes in Left or 
Right Lung. Tecon and Aimard, Rev. Med. 
de la Suisse Rom., January-February, 1917, 
xxvii, no. 1-2, 45. 


Syphilitic Lesions, Simulating Tuber- 
eulosis.—There is a considerable num- 
ber of syphilitic cases simulating tuber- 
culosis and other bone and joint lesions 
that escape recognition, and there is a 
considerable: number of cases of bone and 
joint syphilis that give negative Wasser- 
mann reactions. Fisher has seen at least 
eighteen cases of these, some of them un- 
mistakable syphilis, within the last year 
or two. Of the second group, the larger 
one numerically, the lesions were in and 
about the joints rather than in the shafts 
of the bone. Many of the patients had 
been in institutions or hospitals where their 
disease had been regarded as tuberculous 
and treated accordingly. Five cases se- 
lected at random are reported in the paper. 
He asks why we get so many negative Was- 
sermann reactions in bone syphilis. The 
percentage cannot be given exactly, but it 
seems at least 10 per cent. Another point 
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that these cases emphasize is that fixation 
of syphilitic joints neither gives relief nor 
aids in the cure. Still another point is the 
large per cent of children in these cases, 
eight out of eighteen or really eight out of 
fourteen under ten years of age; quite a 
contrast to the ordinary teaching that 
syphilitic joints are not common in child- 
hood. Another question that comes up 
is: What are we to consider as the most 
reliable test of syphilis? In his opinion it 
is unquestionably the therapeutic test, and 
he believes that this should never or almost 
never be omitted in trying to arrive at a 
conclusion regarding the nature of a chronic 
joint infection —Syphilitic Bone and Joint 
Lesions Simulating Tuberulosis, A. L. 
Fisher, J. Am. M. Ass., February 3, 1917, 
lxviit, no. 5. 


Diphtheroids and Hodgkin’s Disease. 
—Tuberculous glands, glands from cases 
of subleukemic lymphadenosis, Hodgkin’s 
disease, a supraclavicular gland from a 
case of large round cell sarcoma, and 
primary mediastinal glands were examined 
and organisms were found which may be 
placed in the diphtheroid group. On 
morphologic grounds many of them were 
of different strains. The organisms which 
were isolated from glands of Hodgkin’s 
disease, however, are very similar if not 
identical with those from the tuberculous 
glands. In some instances the diphtheroids 
were primarily associated with cocci which 
later overgrew them. Cunningham points 
out that it is reasonable to suppose that 
glands draining such places as the mouth, 
throat and tonsils should harbor such 
organisms as are commonly found in these 
portals. With the evidence at hand, how- 
ever, the occurrence of them in the labora- 
tory, in blood cultures (appearing rather 
late), in the heart’s blood at the morgue, in 
ascitic fluid, and in a series of gland cultures 
of questionable technic, and not in a series 
where technic is definitely controlled, leads 


him to believe that we are dealing with or-. 


ganisms whose natural habitat is the labora- 
tory. He does not believe that the organ- 
ism heretofore described by various other 
workers bears any relation to the cause of 
Hodgkin’s disease.—Status of Diphtheroids 
with Special Reference to Hodgkin’s Disease, 
W. F. Cunningham, Am. J. Med. Sci., 
March, 1917, cliti, no, 3. 


Resistance to Tuberculosis.—In a 
lengthy article THEOBALD SmiTH reviews the 
subjects of resistance and immunity as 
they concern tuberculosis. Referring first 
to his parasitic cycle, which he has pre- 
viously discussed, he points out that patho- 
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genic bacteria must change their behavior 
from step to step to meet the conditions 
in the host. The problem of immunity 
confronts us at once on the entry of the 
tubercle bacillus into the body. The 
question as to the production of primary 
lesions at the portal of entry is still 
unsettled. More than twenty years ago in 
his studies on the bovine type of tuber- 
culosis, he pointed out the predilection of 
the invading germ for the lymph nodes 
which is manifest also after the generaliza- 
tion of the disease. There are two pos- 
sibilities mentioned: (a) that tubercle 
bacilli are carried by the phagocytic cells 
into the lymph nodes or as particles in the 
lymph fluid, and (0), that they are trans- 
ported from microscopic lesions to the 
regional lymph nodes after caseation of 
the primary focus, and then produce 
visible lesions. Why they do net become 
visible before, of course, needs explana- 
tion, and the onset of the infection from 
the lymph nodes is apparently not in har- 
mony with the theory that lymph nodes 
are protective, or are inhibitory agents, as 
Murphy has held. The conflict, however, 
may be only apparent, and Smith suggests 
the possibility that organs and tissues of the 
same host may differ in their behavior to- 
ward the same infecting agent, and it seems 
possible that the lymph nodes may contain 
some factor absent from the tissues, passed 
through by the invaders. The lymph 
node disease is only a-preliminary stage. 
The bacilli must reach some organ or tissue 
where they can be shed outward and this 
is specially afforded in the lungs. It is now 
generally held with von Behring that the 
infection is gained in infancy or childhood 
and reaches the lungs during adolescence or 
after. Another possibility is that of rein- 
fection in after life. Two virulent strains 
kill themselves in the lymph nodes and 
those that are only slightly virulent also dis- 
appear. Only those between the strains 
are liable to be passed on. Three types 
of tubercle bacillus are distinguishable 
but resemble each other closely, and the 
bearing of such. races to public health 
must be considered. During the past , 
twenty years the bovine t has absorbed 
much attention, as man is more or less 
susceptible to it, but it does not pass from 
man to man and the question of its occur- 
rence must be considered apart. Of the 
human disease, that form known as phthisis 
must be considered typical, and other 
forms as aberations, such as the primary 
lymph node disease, etc. One of the most 
important factors in causing deviations of 
type is dosage virus, but the type is modi- 
fied also by virulence of strain, racial char- 
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acters, occupations, etc. Physical exer- 
tion may play an important part in dis- 
seminating the disease and parturition is a 
factor. The relation between the tubercle 
bacillus and the tissues of the host is 
discussed at some length. A prominent 
characteristic is caseation, by which the 
tubercle is distinguished. The question of 
the factors existing in the blood, the rela- 
tions of lymphoid tissue previously men- 
tioned, and the different behavior of animals 
to experimental infection, the occurrence 
of generalized infection, especially in guinea 
pigs, in which it occurs regularly, the dif- 
ferent resistance afforded by cell types in 
which the giant cell stands for the highest 
resistance, etc., are noticed at some length. 
The question of latency in its relation to 
resistance is another important point on 
which our knowledge is incomplete, and 
particularly the relative share of cellular 
and humoral factors, phagocytosis and 
antibodies which are involved in all types 
of infection remains to be worked out. 
While the weight of opinion seems to favor 
the importance of the cellular elements, 
there may be humoral elements of a general 
nonspecific character always present with 
the progress of the case. As _ regards 
methods of increasing resistance, he men- 
tions especially two means at hand as 
regards the human disease; one is to sup- 
press the infection in transit from individual 
to individual, and the other is to increase 
the resistance of the individual so the multi- 
plication of the bacilli may be suppressed. 
As a third possible method he speaks of 
destroying or rendering inert tubercle bacilli 
by the direct action of some substance 
administered. Bovovaccination of cattle, 
first tried by von Behring, is noticed, but 
the serious practical objection to the use 
of living cultures is that the time of their 
disappearance cannot be predicted, and the 
germs, persisting for some months or more 
in some tissue, may multiply and produce 
definite lesions. It is not surprising that 
animals that pass through the primary 
stage of infection should be more resistant, 
as it is in accordance with the theories of 
vaccination in general. Rémer’s experi- 
ments are of great importance and the 
repetition of his work desirable. The so 
called products of tubercle bacilli such as 
tuberculin are next considered, and the 
possibilities of modification and the bear- 
ings of anaphylaxis are noticed. As regards 
the relation of our present knowledge to 
the practical problem of prevention, Smith 
says: “If quantity of infection is the menace, 
and if minute doses of infection may and do 
frequently lead only to a local disease which 
in many cases takes care of itself, it is 
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obvious that the first step in the control of 
tuberculosis is to render harmless the most 
severe cases, so to secure them that the 
helpless bystanders do not suffer by taking 
in ‘massive doses’.” This is the first duty 
of the community. If there remains a 
surplus of energy then it should be devoted 
to treating incipient disease. Only in this 
way can the disease be surrounded and the 
circle made smaller and smaller each year, 
until the germ is eventually eliminated. 
“To give elaborate treatment to incipients 
and to neglect the menace of advanced 
cases is to keep the door wide open for 
more incipients. We are not now question- 
ing the treatment in early cases, but simply 
the order of attack of the problem. No 
matter whether we adopt the view of von 
Behring that aJ) tuberculosis is started 
early in Jife, or that it may enter the system 
at any time, the quantity of infection plays 
a prominent part in both theories, and a 
reduction of the quantity of infection is 
logically the thing caJJed for.” At present 
the resistance caused by the living virus is 
the only method we have, but we cannot 
afford to play with this dangerous pro- 
cedure, and should not go beyond small 
doses and mild infection. Experiments 
and clinical experience have shown that 
there is a considerable resistance to the 
disease in the body, which is maintained by 
a normal life. This great underlying store 
of natural resistance making early tuber- 
culosis a curable disease in many cases is 
the most valuable lesson we have learned 
and a most important incentive to natural 
hygienic living —Certain Aspects of Natural 
and Acquired Resistance to Tuberculosis and 
their Bearing on Preventive Measures, Theo- 
bald Smith, J. Am. M. Ass., March 3 and 9, 
1917, Ixviii. 


Tuberculin Reaction—The cause of 
the alteration of the reaction in a second 
injection of tubercle bacilli in guinea-pigs, 
as noted by Koch, is in accordance with 
general conceptions derived from the study 
of immunity and is generally attributed to 
the production of specific antibodies, such 
as have been found in the blood in tuber- 
culosis. Against this view is the fact that, 
according to most observers, the allergic 
condition, the altered reactivity, cannot be 
conveyed from one animal to another by 
the transference of blood. The alternative 
belief has been expressed that the cells 
carry the antibodies instead of the blood, 
but this has not been confirmed directly by 
experiment. In order to gain additional 
information, it seemed advisable to resort 
to new methods in the study of this prob- 
lem. Ifa tissue is removed from the body 
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it is clear that the reaction of the cells can 
be studied independently of that of the 
circulating fluids. In anaphylactic investi- 
gations, it is customary to do this by re- 
moving the uterus, suspending it in some 
suitable solution and then determining the 
effect of the antigenic substance on its mus- 
cular contractions. It has been regularly 
found that the antigen in minute amounts 
stimulates a prompt and violent response of 
the muscle, while no effect is produced on 
the normal uterus. Weil reports the result 
of his experiments by this method in the 
study of guinea-pigs infected with tubercu- 
losis. Without giving details of the technic 
and the data obtained, he says that the 
uterus of an infected guinea-pig at some 
stage of the disease almost regularly pre- 
sents a distinct contractile response in 
amounts that have no effect on the normal 
organ, and gives tracings illustrating these. 
Thus it is clear that the uterine muscle cells 
of the diseased animals have a tendency to 
react characteristically to tuberculin and 
may, therefore, be said to be sensitized 
thereto. We may infer, therefore, the pres- 
ence of antibodies in the cellular or sessile 
form, and it is not to be supposed that the 
uterine cells are the only ones in the body 
containing specific antibodies. It is highly 
probable that many other tissues, if not all, 
are similarly altered by tuberculous infect- 
ion. The method described has certain ad- 
vantages also from a diagnostic standpoint. 
The uterine reaction may be positive as 
early as the second or third week when the 
guinea-pig presents no evident macroscopic 
lesions of tuberculosis. In cases requiring 
early diagnosis, therefore, the reaction might 
profitably be employed to determine the 
tuberculous character of suspected material. 
—The Immune Reaction to Tuberculous Infec- 
tion, R. Weil, J. Am. M. Ass., March 31, 
1917, lxviii, no. 13, 1912. 
Hypersensitiveness to Tuberculin.— 
Hypersensitiveness to tuberculin was stud- 
ied in 28 patients, 13 males and 15 fe- 
males, the ages ranging up to 60 years. 
Nineteen were in the first stage of the dis- 
ease, 6 in the second, and 3 in the third. 
The tuberculin was injected into the skin, 
as a rule three injections of different 
strengths being made at one time in the 
forearm in a diagonal line. The smallest 
injections were given distally and the largest 
proximally. Tuberculin Rueckstand was 
used in the case of all except two; the latter 
were injected with O. T. The initial dose 
was one ten-millionth of a milligram. If 
no reaction was observed, the dose was 
increased gradually until ten milligrams 
were given. Fifteen patients were tested 


443 


again from 2} to 54 months after the degree 
of hypersensitiveness had been first deter- 
mined. Five reacted in about the same 
manner as before; four reacted to 10 times 
the previous minimal reaction dose; three to 
100 times it; one to more than 100 times it; 
one to 1000 times it; while one reacted to 
one hundreth of it. 

Intracutaneous tests can be made with 
T. R. just as well as with O. T. The char- 
acter of an intracutaneous reaction varies. 
The most common in order of frequency 
are: areola, induration, and papule; areola 
and papule; areola and induration; and last 
areola alone. Reaction can follow so small 
a dose as 0.000,0001 mgm., or may not 
occur until the dose reaches 10 mgm., the 
degree of hypersensitiveness therefore vary- 
ing 100,000,000 times. Despite the size of 
the doses systemic reaction occurred in 
only one patient, and abscess at the site of 
inoculation in only four, the latter probably 
not being due to infection. The reaction 
was greater after 48 hours than after 24 
hours in one fourth of the tests; still present 
after two weeks in three fourths of the tests 
studied, in a number of instances being 
more marked than after 24 hours; still 
present after 3 weeks in 4 of 6 cases studied, 
in some instances being more marked than 
after 24 hours; and still present after 5 
weeks in one case. Tuberculin hypersensi- 
tiveness seems to correspond with tuberculin 
tolerance. The appropriate therapeutic dose 
of tuberculin is the dose that gives the min- 
imal reaction when injected intracutaneously. 
This applies equally well to the initial dose 
and to any subsequent dose. The appro- 
priate therapeutic dose as determined by 
intracutaneous injection is approximated 
clinically by increasing the dose until a 
favorable systemic reaction is produced, then 
maintaining the dose producing this until 
it no longer produces such reaction, and 
then again increasing it. The therapeutic 
value of tuberculin, properly administered, 
can be seen in the accompanying decrease 
in hypersensitiveness.— Hypersensitiveness to 
Tuberculin as Determined by Intracutaneous 
Injection of Different Dosages. M. Solis- 
Cohen, J. Infect. Dis., March, 1917, xx, pp. 
233-243. 


Influence of Artificial Pneumothorax 
on the Blood.—Details of examination of 
the blood of twenty tuberculous patients 
being treated with induced pneumothorax. 
In favorable conditions the number of reds 
rapidly and materially increased, the hemo- 
globin percentage also, but more slowly, 
while the total white count was reduced, 
but the lymphocytes and eosinophils in- 
creased in numbers. These were the findings 
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with a successful pneumothorax free from ban has found a special chart extremely 
complications. When there were complica- useful in recording the blood findings over 
tions, these changes were not observed or long periods for comparison. In protracted 
the reverse was noted, the hemoglobin declin- chronic cases, once a month is the routine 
ing while hyperleukocytosis and Ap nos poo interval, avoiding the menstrual period in 
developed. These changes in the blood pic- women and the few days before and after 
ture are instructive for the prognosis. It it unless its influence on the blood picture 
should be guarded when the blood shows iis being studied in particular. Daily 
hyperleukocytosis with lymphopenia and the __ records of the differential blood count over 
hemoglobin percentage is dropping— long periods might afford very valuable 
Changes in Blood Picture under Influence information; it requires extreme care and 
of Induced Pneumothorax. (Wirkung des practice in enumerating the nuclei as other- 
kiinstlichen Pneumothorax auf Blut der wise comparison between the findings of 
Tuberkuliésen.) M. Gutstein, Zeitschr. f. Tu- different observers is unreliable.—Record of 
berk., no. 21, 1916. Differential Blood Count in Pulmonary 
Tuberculosis. (Zur Beobachtung des Blut- 
Systematic Study of the Blood Pic- hildes bei Lungeniuberkulose.) K. Turban, 
ture in Pulmonary Tuberculosis.—Tur- Zeitschr. f. Tuberk., xxvi, no. 4. 1916. 
Name 
Datum: Datum: Datum: Datum: 
Erythrozyten 
Leukozyten 
Hamoglobin 
Farbeindex 
. Prozent| absol. Prozent| absol. Prozent| absol. Prozent| absol. 
{ Efeine Arneth } Arneth Arneth } Arneth 
Leukozyten 
1. neutrophile 
einkernige 5 5 
zweikernige 35 35 35 35 
drekkernige 41 41 41 
= 17 417 17 17 
4. grosse mononucl. 
5. Ubergangszelien 
Complement Fixation Test.—Until containing egg white and egg yolk, similar 
Besredka described his results in 1914, there to that of Besredka, but differing in not 
had been no complement fixation test for being a simple filtrate of the culture. The 
tuberculosis which was considered of any most important factor in this antigen, aside ‘ 
great value. His results were most en- from the thorough extraction of the bacilli, 
couraging and they are confirmed by others. consisted in its being polyvalent. He has 
The chief difficulty appears to have been in _ since used other antigens made in the same 
securing a suitable antigen, since it has manner, but prepared from the surface 
long been observed that antibodies are growth of the different strains grown on 
formed in tuberculosis, and that the test is Vedder’s medium which have given even 
a true specific reaction, and not lipotropic better results. Since the publication of 
in nature, as is the Wassermann reaction. this first paper much research has been 
Besredka’s method, however, was the only devoted to the subject, and efforts made to 
one that up to that time had been of real improve the antigen and make it more. 
value to the physician. In 1915 Craig simple in preparation. The antigen pre- 
described his results, using an antigen pre- pared by Miller and Zinsser by grinding 
pared from several strains of the human _ the tubercle bacilli with table salt and add- 
tubercle bacillus grown on an alkaline broth ing distilled water to isotonicity seemed to 
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settle the question of the antigen. Craig 
reviews the work of these investigators at 
some length, and says that investigation 
has only strengthened his conviction that in 
the complement fixation test we have the 
most valuable diagnostic method yet de- 
vised for tuberculosis, and the best index of 
its activity. His results are given in some 
detail, and he says in conclusion that the 
positive reaction with this test indicates the 
presence of an active tuberculous focus, and 
that as long as the action remains positive 
the patient should not be considered as 
cured. Experience has only strengthened 
his belief that the complement fixation test 
for tuberculosis has come to stay, and it is 
only a question of time before it will be as 
widely used as the Wassermann test for 
syphilis. — Complement Fixation Test in 
Tuberculosis, C. F. Craig, J. Am. M. Ass., 
March 10, 1917, lxviii, no. 10. 


Health Department Studies. The 
Complement Fixation Test in Tuber- 
culosis.—Since 1903, beginning with the 
researches of Bordet and Gengou, many 
workers have repeatedly noted the presence 
of complement, fixation antibodies in the 
blood of tuberculosis patients, demonstrat- 
ing them by the reaction obtained with the 

atient’s serum and an antigen derived 
rom the tubercle bacillus. The earlier 
work yielded no method of complement 
fixation which could be accepted as of much 
value by the medical profession, although 
many attempts were made to perfect a test 
that would give uniform and accurate 
results. 

In recent years this reaction in relation to 

ulmonary and surgical tuberculosis has 

en the subject of study in a number of 
laboratories throughout the United States, 
and the consensus of opinion of these 
workers would appear to be that the com- 
plement fixation test in tuberculosis is prac- 
tically as reliable as the Wassermann test 
for syphilis. Among the various publica- 
tions are to be found these conclusions: 

“Complement-binding antibodies are 
present in the blood serum of both active 
and clinically inactive pulmonary tubercu- 
losis cases. 

“In surgical cases before there is an 
appreciable lesion, the complement fixation 
test is usually negative; but in those cases 
with an appreciable lesion with lack of 
symptoms pathognomonic of the disease, the 
complement fixation test for tuberculosis is 
of great diagnostic value.” 

“Normal serum will give a negative 
reaction.” 

“Serum from a syphilitic will give a nega- 
tive reaction unless there is a coincident 
tuberculosis infection.” 


445 


“Serums from patients suffering from 
other diseases will give negative 12actions 
with the tuberculosis antigen.” 

Up to this time, however, the best clini- 
cians are undecided as to whether a positive 
complement fixation reaction in those cases 
which are clinically inactive is sufficient to 
determine that the patient has an active 
tuberculosis infection. 

With this practical point in view, and in 
the interest of the public health, the sero- 
logic group of the Research Laboratory has 
within the past few weeks taken up the 
study of tuberculosis complement fixation. 
The work has been planned to include the 
relation of the complement fixation reac- 
tion to the diagnosis of incipient cases, to 
those moderately advanced and to those in 
which the disease is far advanced. The 
technical difficulties in the work are many, 
and not the least of them is the question of 
the complement. Work in this depart- 
ment during the past fifteen months would 
indicate a pronounced selectiveness of some 
guinea pig complement for various bac- 
terial antigens, and if the complement 
fixation test with those antigens is to be of 
real value, many control tests must be made 
before an accurate interpretation of the 
results can be made. 

At the present time this work is in the 
preparatory stage—the preparation and 
standardization of a suitable antigen—and 
not enough serums have been examined to 
justify a report of results. This study 
includes the examination of serums from 
cases of pulmonary and surgical tubercu- 
losis—Weekly Bull., Dpt. of Health, City 
N. Y. April 14, 1917. 


Experimental Tuberculosis of Mus- 
cles.—If a pure culture of bovine tubercle 
bacilli was placed in the thigh muscle ef 
rabbits, it was found, upon killing the ani- 
mals several months later, that the muscle 
had become tuberculous; that in some cases 
the infection had spread to the surface, the 
latter becoming secondarily infected; and 
that other muscles were not involved other- 


wise than in this fashion Experimental. 


Tuberculosis of Muscles, L. W. Ely and J. F 
Cowan, Am. J. Orthop. 
1917, xv, no..2. 


Virulence of Muscle and Lymphnodes 
in Generalized Tuberculosis.—Little 
attention has been paid to this important 
subject. To study the virulence of muscle 
from the point of view of alimentary hygiene, 
author used pieces of muscle from 18 pigs 
and 42 cattle, killed on account of general 
and undisputed tuberculosis. 209 guinea 
pigs were inoculated subcutaneously with 
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this material and none showed any signs of 
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tuberculosis, when autopsied in from 30 
days to 5 months. The virulence of macro- 
scopically healthy lymph nodes, such nodes 
being found even in widespread tubercu- 
sosis was tested similarly. In material 
from 9 pigs positive results were obtained 
twice and i1 that from 44 cattle 11 times. 
The tuberculosis was generally of slow de- 
velopment. The author concludes that 
muscle from tuberculous animals is not 
dangerous and that this might be disposed 
of by the state and used under certain 
restrictions.— Researches on the Virulence of 
Apparently Healthy Muscle and Lymphnodes 
in Generalized Tuberculosis of Cattle and 
Swine, P. Chaucse, Ann. de l’Inst. Past., 
January 1917, xxxi. 


Accumulation of Medicinal Agent in 
Tuberculous Tissue.—The principle of 
chemotherapy, in the sense of a special 
affinity of the bacilli or of the diseased tis- 
sues for the introduced drug, has not been 
proved. But there is every reason to 
assume that where the circulation is espe- 
cially active the drug is brought into the 
region; then by checking the circulation, 
the drug can be kept there. It is possible 
to influence artificially the circulation along 
these lines. Among the arguments to sus- 
tain this view of the lack of a firm scientific 
basis for the so called chemotherapy is the 
efficacy of potassium iodid in sporotrichosis. 
Nothing else ensures so prompt and so com- 
plete a cure as this, but potassium iodid 
does not act on the parasite; there is no 
“affinity” between them. It disintegrates 
the cells of the infiltrate, leaving the para- 
sites unmodified. This is its action also in 
syphilitic gummas; it breaks up the patho- 
logic tissue cells but does not destroy the 
spirochetes. We are far from the realiza- 
tion of an effectual chemotherapy for 
tuberculosis, but in the meanwhile we are 
able to draw and hold the drug in the dis- 
eased area by various measures to induce 
hyperemia in general and also local hy- 
peremia. Attempts to increase the action 
of phototherapy by salve treatment and 
efforts in the line of accumulating deposits 
of the drug in the pathologic area by stasis 
or other hyperemia—thus storing up potas- 
sium iodid, for instance, in the diseased 
tissues—deserve the greatest attention and 
imitation. Here is a field, in which actual 
experience takes precedence of theorizing. 
—Storing of Drugs in Tuberculous Tissues. 
(Ueber die Speicherung, von Medikamenten 
in tuberkuléisem Gewebe). Stern., Zeitschr. 
f. Tuberk., xxvi, no. 4, 1916. 


Tissue Reactions to Tubercle Bacillus. 
—The tubercle bacillus produces a. micro- 


xy 
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scopically characteristic lesion, not because 
it is a living particulate protein, but because 
its waxy substances act as a peculiar type 
of foreign body.—Tissue Reactions to 
Various Products of Tubercle Bacillus. 
P. F. Morse and E. Stott, J. Lab. and Clin. 
M., December 1916, ti, no. 3. 


Isolation of Tubercle Bacilli from . 


Sputum.—tTwenty-eight of the twenty- 
nine bovine strains isolated by Wang from 
the sputum, produced, in the rabbit, either 
no tuberculosis or only a_ retrogressive 
tuberculosis, similar to that produced by 
bacilli of the “human” type. The remain- 
ing culture showed well marked cultural 
characteristics of the “bovine” type, and 
was of high virulence for the rabbit. A 
rabbit inoculated with this strain died 
during the sixth week after injection, and, 
on examination, showed extensive tuber- 
culosis of a rapidly progressive type. The 
virulence of this culture was again tested, 
and the same extensive tuberculous lesions 
were found. The cultural characters and 
the pathologic lesions in this case, therefore, 
agreed in essential particulars with that 
roduced by the tubercle bacilli in the 
‘bovine” type. The conclusion can safely 
be drawn that, by means of the rabbit 
tests alone, tubercle bacilli as they occur in 
lesions in the human body can be divided 
into two distinct groups. One group pos- 
sesses identical cultural characters and viru- 
lence for rabbits with those exhibited by 
tubercle bacilli isolated from bovines, and 
may be thus termed the “hovine” type; 
the other group has a low virulence for 
rabbits, is practically always obtained from 
a human source, and may be termed the 
“human” type.—Isolation of Tubercle 
Bacilli from Sputum and Determination of 
their Type, C. V. Wang, J. Path. and Bacteriol., 
December, 1916. xxi, no. 1. 


Tubercle Bacilli in the Urine Without 
Lesions in the Urogenital Apparatus.— 
Humbert examined the twenty-four hours’ 
urine, to be sure to avoid erroneous con- 
clusions from too small amounts. He 
allowed the sediment to settle for twelve 
hours, using a conical vessel, then decanted 
and centrifugated the 100 or 150 cc. at the 
bottom of the vessel, repeating until he had 
the whole concentrated into a single tube. 
The sediment then was separated into two 
parts. One part was spread on four micro- 
scopic slides; the other part was used to 
inoculate guinea-pigs in case of positive 
microscopic findings. He thus examined 
the urine of thirty-eight patients with 
meningeal or pulmonary tuberculosis and 
no clinical signs of renal localization, and in 
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a later series forty-seven with pulmonary 
tuberculosis. In the total forty-three cases 
of pulmonary tuberculosis, bacilluria was 
found in only seven, that is, in 16 per cent. 
Examination with the microscope is not 
conclusive; only inoculation of animals 
gives absolutely reliable findings. Hence 
examination of the urine is of little aid in 
the diagnosis, as the course of the case con- 
firms the differentiation before the response 
from inoculation can be obtained. At the 
same time, this research proves that tubercle 
bacilli may be found in the urine when the 
kidneys seem to be entirely intact, even at 
necropsy. Such cases are rare, but they 
corroborate the dictum that bacteriologic 
examination of the urine alone does not per- 
mit the diagnosis of renal tuberculosis.—De 
la bacillurie chez les tuberculeux, J. Humbert, 
Rev. Med. de la Suisse Rom., January- 
February, 1917, xxxvii, no. 1-2 5-92. 


Influence of Organic Substances on 
Tubercle Bacilli.—Various dilutions of the 
substances employed were made in glycerin 
bouillon. The flasks containing these mix- 
tures were inoculated with a surface growth 
of the tubercle bacillus, certain control 
flasks of the same bouillon being inoculated 
at the same time. When the growth of the 
control flasks completely covered the surface 
the experiment was terminated by a com- 
parison and record of the extent of growth 
throughout the series. The flasks were then 
inoculated with one drop of a 24 hour 
bouillon culture of bacillus typhosus and a 
similar comparison made on the following 
day of the degree of growth of this micro- 
organism. The substances used were nearly 
all aniline dyes. The point of full growth 
was taken as the basis of comparison, as it 
pe of the consideration of a much 
arger number of substances than does the 
point of complete inhibition. A_ great 
variety of substances have marked capacity 


to restrain the growth of the tubercle bacil-. 


lus. Those dyes whose disinfectant activi- 
ties have long been known to be consider- 
able, the methyl violets for example, are no 
more active than many others whose gen- 
eral action is limited, as represented by the 
bacillus typhosus results. The power to 
inhibit the growth of the tubercle bacillus 
is limited to no general class of coal-tar dye. 
A great many azo dyes possess this charac- 
teristic although few of them are active 
against bacillus typhosus in a marked degree. 
Many of the dyes stain the growing mem- 
brane with greater or less intensity. The 
individual bacilli in the membrane are much 
less frequently stained and then only by 
concentrations much greater than those 
required to inhibit growth. The restraint 
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of growth seems in no way related to the 
staining of the membrane. This capacity 
also has no relation to true disinfectant 
action.— The Influence of Certain Organic 
Substances on the Growth of the Tubercle 
Bacillus. Paul A. Lewis, J. Exper. M., 
March 1, 1917, xxv, no. 3. 441. 


Types of Tubercle Bacilli in Gland 
Tuberculosis.—Griffith reports the bac- 
teriological examination of material from 
a series of 52 persons suffering from enlarged 
cervical or axillary lymphnodes. Material 
from 17 of the 52 cases did not produce 
tuberculosis in guinea pigs. In 4 of these 
negative cases the original material was pus 
or dressings from neck sinuses. In 6 cases 
the material consisted of enlarged cervical 
glands, which were not definitely tubercu- 
lous. Microscopical examination and culti- 
vation experiments in these 6 cases were 
likewise negative. In 7 of the 17 cases the 
material, enlarged cervical glands, was mi- 
croscopically tuberculous; and in 3 of the 
cases tubercle bacilli were found on micro- 
scopical examination. Direct culture from 
each material remained sterile. 

Material from 35 cases produced tubercu- 
losis in guinea pigs, and cultures of tubercle 
bacilli were isolated directly from original 
material or through guinea pig. The cul- 
tures are divided in 3 groups, composed 
respectively: (1) standard bovine, (2) 
standard human, and (3) atypical strains. 
From 15 of the 35 cases cultures were ob- 
tained which produced in rabbits the patho- 
genic effects of the standard bovine tubercle 
bacilli. 

From 19 viruses (18 cervical and 1 axil- 
lary gland) cultures were obtained which 
grew on serum and glycerinated media 
with characteristic luxuriance of the human 
type of tubercle bacilli. After testing the 
virulence of these 19 viruses on guinea pigs 
by intraperitoneal inoculation of original 
material and on the rabbit by the sub- 
cutaneous inoculation of culture, 17 of the 
19 viruses could be classified as a standard 
human type. In the other two viruses the 
results of similar tests were inconclusive. 
“ Of the 3 atypical strains, two were iden- 
tical in cultural characteristics with the 
human type of tubercle bacillus, but they 
differed from standard human strains in 
their relative low virulence for the guinea 
pig and exhibited the attenuation of viru- 
lence peculiar to the ‘majority of lupus 
strains. In this country they have so far 
been obtained only from human tubercu- 
lous lesions other than those of lupus. 
Third strain had the virulence of standard 
human tubercle bacilli, but did not respond 
to the human or bovine type of the bacillus 
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in cultural characteristics. Strains in every 
respect identical with this strain -have 
recently been found in sputum of phthisical 
persons and in cases of human bone and 
joint tuberculosis. In all he sums up 102 
cases which include those reported in a 
previous communication in The Lancet, June 
19, 1915, p. 1275. The figures show that in 
childhood cervical gland tuberculosis is caused 
more frequently by the bovine.than by the 
human tubercle bacillus. 72.1 per cent of 
the cases in children under ten years of age 
yielded bovine bacilli. In persons over ten 
years of age infection of human origin is 
more common, bovine infection accounting 
for about one-third of the cases in the ten 
to twenty years age period, and for rather 
less than one fifth of the cases over twenty 
years of age-—Types of Tubercle Bacilli in 
Cervical and Axillary Gland Tuberculosis, 
A. Stanley Griffith, The Lancet, February 10, 
1917, cxcti, no. 4876, 216. 


Presence of Secondary Bacteria in 
Tuberculosis.—Hall and Harvey’s results 
show that severe pulmonary tuberculosis, 
even with secondary infection, is rarely 
accompanied by a bacteremia. Using the 
same technic, they were unable to confirm 
the positive findings of previous writers.— 
Presence in Blood of Bacteria of Secondary 
Infection in Pulmonary Tuberculosis, F. 
Hall and S. C. Harvey, J. Med. Research, 
January, 1917, xxxv, no. 3. 


Isolation of Secondary Bacteria from™ 
Sputum in Tuberculosis.—In order to 
obviate the difficulties usually encountered 
in attempting to isolate organisms from the 
sputum the following procedures were 
adopted by Harvey: First, the mouth and 
nasopharynx are implanted with a non- 

athogenic bacterium, the presence of which 
in the sputum, after washing, indicates that 
mouth contamination has not been removed. 
Second, the sputum mass is washed in a 
continuous stream of sterile salt solution 
until nothing is left but a small portion of 
the fibrin mesh which can hardly have 
origin from anything but an ulcerated or 


inflamed mucosa. Third, a portion of the, 


fibrin mesh, which is cultured, is also 
stained for acid-fast bacilli, the presence of 
which identifies it as a derivative of the 
tuberculous process. The Streptococcus non- 
hemolyticus is the most frequent pyogenic 
organism found in association with pul- 


monary tuberculosis.—Isolation of Bacteria 
of Secondary Infection from Sputum in 
Pulmonary Tuberculosis. S. C. Harvey, 
J. Med. Research, January 1917, xxxv, no. 3. 


Epithelial Cells and Saprophytes in 
Sputum.—The mouth and pharynx are 
lined with polygonal] flat epithelial cells, and 
the vocal cords are covered with them, 
while ‘the nasa] cavities, larynx, trachea, 
and bronchi are lined with ciliated cylindri- 
ca] epithelial cells. The bronchioles are 
lined with cuboidal cells, while the alveoli 
are lined with polygonal cells which, unlike 
those of the other organs, have no nuclei. 
In inflammation of these organs the cells 
are expectorated and are found in the spu- 
tum. In tuberculosis of the larynx, how- 
ever, the ciliated cells are seldom found in 
the sputum, because they are replaced by 
a new growth of polygonal flat epithelial 
cells like those of the mouth. The ciliated 
cells, although distributed over a wide area, 
but rarely occur in the sputum. In sputum 
from the lungs round or elliptical epithelial 
cells, twice as large as pus cells, are found. 
They are the decomposed products of the 
cuboidal cells of the bronchioles. They 
have vesicular nuclei and contain either par- 
ticles of carbon or hemosiderin in their pro- 
toplasm, and correspond to Wagner’s 
heart failure cells. Pulmonary epithelial 
cells without nuclei were never found in 
the sputum. The sputum from the trachea 
and lungs is always free of saprophytes, and 
contains only the agent_of the prevailing 
disease like the bacillus tuberculosis or 
diplococcus pneumoniae, although in cases 
of mixed infection it will contain one or two 
— of bacteria. In pulmonary hemor- 
rhage erythrocytes are found in the pul- 
monary sputum. The erythrocytes, when 
found in combination with polygonal flat 
cells and-.a large number of numerous 
— of bacteria, denote hemorrhage from 
the larynx or pharynx. The material for 
examination must be fresh and moist and is 
subjected to washing in isotonic salt solu- 
tion. The source of sputum can be deter- 
mined by the erythrocytes and the bacilli 
found in it, but they must be included in 
the same membrane of the mucus with the 
other elements denoting its source.—The 
Significance of the Epithelial Cells and Sap- 
prophytes in Sputum. M. Otani, J. Exper. 
M., February, 1917, xxv, no. 2, p. 333. 
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The Ghoice of Tuberculins 


1. For diagnostic purposes whether administered by the cutane- 
ous, percutaneous, intracutaneous or subcutaneous method, the original 
tuberculin of Koch (‘‘O T’’) is recognized as the standard.* 

2. In the treatment of tuberculosis the choice of tuberculins 


Uk 


N should properly be restricted to the preparations of which we have the 
N fullest information. KS 
S Based upon this consideration Y 


2 


TRO 


SES 


Old Tuberculin—**O T”’ 
Bouillon Filtrate—** B F”’ 
Bacillen Emulsion—** B E”’ 


meet our present theoretical requirements. Their selection is shag justi- 
fied by experience, and by advocating their use to the exclusion of other 


Vy preparations the perplexity of the practitioner in planning a program of 
Y treatment of his tuberculous patients may be greatly lessened. Y 
= Mulford Tuberculins N 
= The following Tuberculins are undiluted N 
= Tuberculin, Old in 1 Gm. vials GEO 
Tuberculin, Denys (Bouillon Filtrate, ‘‘B F”’)+ in 1 Gm. vials............ 
= Tuberculin R” (Tuberculin Rest, ‘“‘T in 1 Gm. vials........... 1650 
= Tuberculin, Bacillen Emulsion (“BE”), in 1 Gm. vials..................000000+ 1 50 NY) 
= Moro Reaction, Tuberculin ointment for Moro cutaneous reaction. In 1 Gm. Fy) 
y) Von Pirquet Test. Tuberculin, Old. In packages of one capillary tube with Y 
2 10 capillary tubes with control 1 2 ¥ 
Intradermal Tuberculin Mulford 
A In intradermic syringes, single test packages ...... 75 
NS In intradermic syringes, 5-test packages ........... sce 
1) Tuberculin Scarifier, similar to that used by von Pirquet ...................04- 50 
= Syringes, for administration of Bacterial Vaccines and Tuberculins. All glass ; 
=, TUBERCULIN DILUTIONS 

Single vials of Serial Dilutions “BF,” “TR” or “BE” 50 


WE ALso FURNISH 


Proteose Free Tuberculin, i.c., “ = one the proteins have been precipitated 
y alcohol. 
Old Tuberculin Precipitate (““O T P”) ‘““O T” precipitated by alcohol and redissolved 
in salt solution, reprecipitated by alcohol and dried in vacuum and powdered— 
used for the ophthalmic tuberculin reaction for cattle. ; 


*“The Choice of Tuberculins,”” by Benjamin White, Otisville, N. Y., Department of 
Health, City of New York. Read at the annual meeting of the Medical Society of the State 
of New York, at Saratoga Springs, May 18, 1916. 

Human or bovine type. 
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HYGIENIC PAPER SPECIALTIES 


Paper Sputum Cups and Holders—Pocket 
Sputum Cups—Paper Cuspidors—Paper 
Napkins—Paper Towels—Drinking Cups 


STONE & FORSYTH CO. Boston, Mass. 


PRESCOTT, ARIZONA ALTITUDE 5350 FEET 


PAMSETGAAF SANATORIUM 


FOR TUBERCULOSIS 


JOHN W. FLINN, M.D., Medical Director 


Pamsetgaaf is a quiet cottage sanatorium for the treatment 
of all forms of tuberculosis. It is beautifully situated 
among the pines in the mountains of Northern Arizona, 
and offers all the advantages of careful scientific treatment 
combined with the pure invigorating air of the Southwest 
ix the midst of attractive surroundings. Especial facilities 
for surg’cal tuberculcsis. Write for illustrated booklet. 


JOSIAH F. REED, Business Manager 


YON ORMY COTTAGE SANITARIUM 


For the Treatment of Tuberculosis 
VON ORMY, TEXAS 


I. S. KAHN, A.B., M.D., Medical Director 
W. R. GASTON,’ Business Manager 
F. C. COOL, Assistant Manager 


An institution designed for the proper care of 
tubercular patients at moderate rates. 

Splendid all year ‘round climate. 

Beautifully located on the Medina River near 
San Antonio. Our own dairy and egg supply. 

Tuberculin, autogenous vaccines and arti cial 
pneumothorax used where indicated. 

Hopeless last stage cases not admitted. 

Rates: $15.00 and $18.00 per week. 

Write for booklet. 
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THE SPRINGFIELD OPEN 
AIR COLONY 


A SANATORIUM AND SCHOOL 
FOR THE TUBERCULOUS WHERE 
HAPPINESS IS REGARDED AN 

ABSOLUTELY ESSEN- 
TIAL PART OF TREATMENT 


NOT AN INSTITUTION. | 

NOT A HOSPITAL. 

NOT A LABORATORY. 

NOT A SCIENTIFIC WORKSHOP. 


qA SANATORIUM WITH A PER- 
SONALITY WHICH RECOGNIZES 
a“ OF THE PA- 


g NO MORE PATIENTS ACCEPTED 
THAN CAN RECEIVE THE CON- 
STANT PERSONAL ATTENTION 
OF THE MEDICAL DIRECTOR. 


gq RATES LOWER THAN ANY OTH- 
ER MID-WESTERN SANATORIUM 
GIVING THE SAME QUALITY OF 
INDIVIDUAL SERVICE. 


Circular on request 


GEORGE THOMAS PALMER, M.D. 


Director 
SPRINGFIELD, ILLINOIS 


—if you like 
—this number 


Tell your Friends 


and 
Get them to Subscribe 


We will send sample copies to some 
of your friends if you will send us 
their names and addresses. 


Why not get up a club? 
Ask us for our club rates. 


American Review of Tuberculosis 


105 East 22d Street 
New York City 


PHOTO 
TAKEN 
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FREE’ 


SCROFULOUS CHILDREN RECEIVING LAST RADIATION WITH HERAEUS SUN 


LAMP BEFORE DISCHARGE. OBJECTIVE SYMPTOMS HAVE ENTIRELY DISAP- 


PEARED. 


HANOVIA CHEMICAL & MFG. CO. 


NEWARK, N. J. 
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IMPORTANT PUBLICATIONS 


Tuberculosis Dispensary Method and Procedure 
PREPARED FOR 
The National Association for the Study and Prevention of Tuberculosis by 
F. Elisabeth Crowell, Executive Secretary, New York Association Tuberculosis 
Clinics with an introduction by James Alexander Miller, M.D. 
Invaluable to those engaged in dispensary work. Price, 25 cents postpaid 


Tuberculosis Hospital andSanatortum Construction 


WRITTEN FOR 


The National Association for the study and prevention of Tuberculosis by 
Thomas Spees Carrington, M.D. 

Invaluable to any one having to do with the design or construction of institu- 
tions for the care of the tuberculous. 

Third Edition, Revised and Enlarged, with special Chapter on Children’s 
Buildings. Price, 62 cents postpaid. 


Tuberculosis Directory, Contains a hst of 


institutions and other agencies in the United States and Canada. Also much 


valuable information as to rates and capacities of the various sanatoria. 
Price, 60 cents postpaid. 


The National Association for the Study and Prevention of Tuberculosis 
105 EAST TWENTY-SECOND STREET, NEW YORK 


‘The Korftf 
Sleeping 
Porch 


Is a detachable balcony designed 
-. co. primarily for sleeping and sitting out 
ees § of doors, especially for tuberculous 
patients. 


It has these peculiar advantages 


m may be hung outside of almost any bedroom window 
a absolutely rigid and strong enough to hold 1000 lbs. 
w= thoroughly screened and curtained 

a looks well on any house 

= can be eaSily detached and attached 

m gives perfect security and privacy 

m price is reasonable 


Write for illustrated booklet showing prices and uses 
KORFF MFG. CO. 
327 East Franklin Ave., Lansing, Michigan 
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American Journal of Syphilis | 


A quarterly journal devoted to the stud iy and prevention of syphilis. Published during the 
months of January, April, July and October. $5.00 per year; $5.40 in Dominion of 
~ Canada; $5.80 in foreign countries. Each number contains from 175 to 260 
pages with many illustrations in black and white and in colors. 


_. Manaoinc Eprror AssociaTE Epitor 
Lloyd Thompson, M-D., Hot Springs, Ark. Wm. H. Deaderick, M.D., Hot Springs, Ark. 


The Parasitology o hilis Syphilis Syphilis and Nose Syphilis and 
Hideyo MD. oseph Collins, and Thr Key 


New York. New yo Robert Levy. New ak 
enver. 
The Pathoto hilis Syphilis and the Eye 
Syphilis and Internal Wm. A. Pusey, M.D., 
Lewellys F M.D 
. Barker, 
Ann ‘Arbor, Mich. New Orleans. 
The od Syph The Sy. telrics philis 
F. W, Lynch, M.D., Rudolp 


Jay F. Scham! Maj 


San Francisco. Orleans, La 
Conservatively Speaking there are 10,000,000 Syphilitics in America : : 


This disease touches intimately evéry practitioner in any department of medicine. To 
recognize its wide ramifications makes you a more capable lt a more depend- © 
able surgeon, and a more successful therapeutist. 


The foremost medical thought in America is contributing to the success of this 
undertaking. For your benefit, the crystallized experiences of workers in every 
department of medicine touching upon syphilis is brought to a focus in this 


$5.80; Canada, $5.40. 


journal 

A siihacrintion.{ to the American Journal of Syphilis puts you in ‘direct & THE C.V. 

touch with this work. Don’t delay sendingin your subscription. Re- St. Lo ransetanege 

member—800 tv 1000 pages during the year, profusely illustrated. tA Mo: 

Sign attached coupon and mail today and you will be assured of ) Gentlemen: 

getting the January, April, and July issues (Vol. I, Nos. 1, 2, 3), y Please rk A sub- 

but these will be exhausted soon. These combined numbers hilis 

contain more than 700 pages. rs ning with the January, 1917, ° : 


801-807 Metropolitan Building ST. LOUIS, U.S.A. 
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Administration Tuberculin 


q The scientific administration of tuberculin requires the most 


careful and exact clinical observations in order to prevent over- 


dosage. 

|| The- observations must extend over a considerable time fol- 
lowing the injection, and it has been found in practice that the 
record of symptoms during this period can be best es by the 
patients themselves. 


GA chart to be filled in by the patient affords the only safe 
and satisfactory method of reporting, since there is space for every 
symptom can be provided and errors of memory and personal point © 
of view be eliminated. 


@ Such a record enables the patient to explain more clearly ™ 


his condition after a dose of tuberculin, and enables the physician 
who is administering the tuberculin to graduate more carefully and — 
properly the dosage. 


@ The ideal form is found in the Tuberculin Record pub- 
lished by the JouRNAL OF THE OurpooR Lire. The book provides 
space for forty-two weeks, gives a sample chart properly filled out, 
and also two pages of instruction and advice to the patient about 


_ the necessity for absolute honesty and sk ode nae with the 


physician. 


@ The Tuberculin Record has gone through. nearly a 
dozen editions. It has been extensively used at the Trudeau Sani- 
tarium, at the Loomis Sanatorium, at Otisville, and at many other 
Sanatoriums, by tuberculosis clinics, day camps, CDSE, hos- 
pitals, and by private practitioners. 


-@ Price 15 cents each, singly or in quantities. 


JOURNAL THE OUTDOOR LIFE 
105 East 22d Street, New York City 
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